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(54) NIOBIUM POWDER, SINTER THEREOF, AND CAPACITOR EMPLOYING THE SAME 



(57) A niobium powder comprising at least one ele- 
ment selected from the group consisting of chromium, 
molybdenum, tungsten, boron, aluminum, gallium, indi- 
um, thallium, cerium, neodymium, titanium, rhenium, ru- 
thenium, rhodium, palladium, silver, zinc, silicon, germa- 
nium, tin, phosphorus, arsenic, bismuth, rubidium, cesi- 
um, magnesium, strontium, barium, scandium, yttrium, 
lanthanum, praseodymium, samarium, europium, gado- 
linium, terbium, dysprosium, holmium, erbium, thulium, 



ytterbium, lutetium, hafnium, vanadium, osmium, irid- 
ium, platinum, gold, cadmium, mercury, lead, selenium 
and tellurium; a sintered body of the niobium powder; 
and a capacitor comprising a sintered body as one elec- 
trode, a dielectric material formed on the surface of the 
sintered body, and counter electrode provided on the di- 
electric material. 
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Description 

Technical Field 

5 [0001] The present invention relates to a niobium powder with a large capacitance per unit mass and good leakage 
current characteristics, a sintered body using the above-mentioned niobium powder, and a capacitor using the above- 
mentioned sintered body. 

Background Art 

10 

[0002] Capacitors for use in electronic apparatus such as portable telephones and personal computers are required 
to be small in size and large in capacitance. Of those capacitors, a tantalum capacitor is preferably used, because the 
capacitance is large, not in proportion to the size, and the tantalum capacitor also has good characteristics. The tantalum 
capacitor usually employs a sintered body of a tantalum powder as an anode. In order to increase the capacitance of 
is the tantalum capacitor, it is necessary to increase the mass of the sintered body, or to use a sintered body having an 
increased surface area obtained by pulverizing the tantalum powder. 

[0003] The increase in mass of the sintered body inevitably enlarges the shape, so that the requirement for a small- 
sized capacitor is not satisfied. On the other hand, when the tantalum powder is finely pulverized to increase the specific 
surface area, the pore size in the tantalum sintered body decreases, and the number of closed pores increases during 
20 the sintering step. The result is that the sintered body cannot be easily impregnated with a cathode agent in the sub- 
sequent step. 

[0004] One approach to solve these problems is a capacitor using a sintered body of a powder material which has 
a greater dielectric constant than the tantalum powder. One powder material which has such a greater dielectric con- 
stant is a niobium powder. 

25 [0005] Japanese Laid-Open Patent Application No. 55-157226 discloses a method for producing a sintered element 
for a capacitor. This method comprises the steps of subjecting a niobium powder ranging from an agglomerate to fine 
particles with a particle diameter of 2.0 urn or less to pressure molding and sintering, finely cutting the molded sintered 
body, connecting a lead portion to the finely cut particles of the sintered body, and thereafter sintering the connected 
body. However, the above-mentioned application does not describe the detailed characteristics of the obtained capac- 

30 itor. 

[0006] United States Patent No. 4, 084, 965 discloses a capacitor using a sintered body of a niobium powder with a 
particle size of 5.1 urn obtained from a niobium ingot through hydrogenation and pulverizing. The capacitor disclosed 
has, however, a high leakage current value (hereinafter referred to as an LC value), and therefore the serviceability is 
poor. 

35 [0007] As disclosed in Japanese Laid-Open Patent Application No. 1 0-242004, the LC value is improved by partially 
nitriding a niobium powder. However, when a capacitor having a large capacitance is produced using a sintered body 
of a niobium powder with a smaller particle diameter, the LC value of the obtained capacitor may become exceptionally 
high. 

[0008] United States Patent No. 6,051 ,044 discloses a niobium powder which has a particular BET specific surface 
40 area and contains nitrogen in a particular amount. A method for decreasing the leakage current is also disclosed. 
However, there is no disclosure nor suggestion concerning a niobium powder containing another element which can 
form an alloy with niobium. Furthermore, this patent does not disclose nor suggest the heat resistance necessary for 
capacitors in soldering and the like or stability of LC value against thermal history. 

45 Disclosure of Invention 

[0009] An object of the present invention is to provide a niobium powder capable of providing a capacitor having 
good heat resistance with a large capacitance per unit mass and a small leakage current value, a sintered body using 
the above-mentioned niobium powder, and a capacitor using the above-mentioned sintered body. 

so [0010] Through intense studies of the above-mentioned problems, the inventors of the present invention have found 
that a low LC value and good heat resistance can be maintained even in a capacitor provided with a large capacitance 
by decreasing the particle diameter of a niobium powder when at least one element selected from various elements 
which can form an alloy with niobium is added to niobium. The present invention has thus been accomplished. Namely, 
the present invention basically provides a niobium powder of the below (1) to (29), a sintered body of (30) to (31) 

55 obtained by sintering the niobium powders, a capacitor of (32) to (42), a process for producing niobium powders of 
(43) to (46), an electronic circuit of (47) and an electronic instrument of (48). The term "alloy" in the present application 
includes a solid solution with the other alloy components. The term "ppm" and "%" in the present application mean 
"ppm by mass" and "% by mass" respectively unless explained otherwise. 
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(1) A niobium powder for capacitors comprising at least one element selected from the group consisting of chro- 
mium, molybdenum, tungsten, boron, aluminum, gallium, indium, thallium, cerium, neodymium, titanium, rhenium, 
ruthenium, rhodium, palladium, silver, zinc, silicon, germanium, tin, phosphorus, arsenic, bismuth, rubidium, cesi- 
um, magnesium, strontium, barium, scandium, yttrium, lanthanum, praseodymium, samarium, europium, gadolin- 

5 ium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium, hafnium, vanadium, osmium, iridium, 

platinum, gold, cadmium, mercury, lead, selenium and tellurium. 

(2) The niobium powder for capacitors as described in 1 above comprising at least one element selected from the 
group consisting of chromium, molybdenum and tungsten. 

(3) The niobium powder for capacitors as described in 2 above, wherein said at least one element is tungsten. 
10 (4) The niobium powder for capacitors as described in 2 above, wherein said at least one element is chromium 

and tungsten. 

(5) The niobium powder for capacitors as described in 1 above comprising at least one element selected from the 
group consisting of boron, aluminum, gallium, indium and thallium. 

(6) The niobium powder for capacitors as described in 5 above, wherein said at least one element is boron. 

15 (7) The niobium powder for capacitors as described in 5 above, wherein said at least one element is aluminum. 

(8) The niobium powder for capacitors as described in 1 above comprising at least one element selected from the 
group consisting of cerium, neodymium, titanium, rhenium, ruthenium, rhodium, palladium, silver, zinc, silicon, 
germanium, tin, phosphorus, arsenic and bismuth. 

(9) The niobium powder for capacitors as described in 8 above comprising at least one element selected from the 
20 group consisting of rhenium, zinc, arsenic, phosphorus, germanium, tin and neodymium. 

(1 0) The niobium powder for capacitors as described in 9 above, wherein said at least one element is rhenium. 

(11) The niobium powder for capacitors as described in 9 above, wherein said at least one element is neodymium. 

(12) The niobium powder for capacitors as described in 9 above, wherein said at least one element is zinc. 

(1 3) The niobium powder for capacitors as described in 1 above comprising at least one element selected from 
25 the group consisting of rubidium, cesium, magnesium, strontium, barium, scandium, yttrium, lanthanum, praseo- 
dymium, samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium, 
hafnium, vanadium, osmium, iridium, platinum, gold, cadmium, mercury, lead, selenium and tellurium. 

(14) The niobium powder for capacitors as described in 13 above comprising at least one element selected from 
the group consisting of lanthanum, yttrium, erbium, ytterbium and lutetium. 

30 (15) The niobium powder for capacitors as described in 14 above, wherein said at least one element is lanthanum. 

(16) The niobium powder for capacitors as described in 14 above, wherein said at least one element is yttrium. 

(1 7) The niobium powder as described in any one of 1 to 1 6 above, wherein said at least one element is contained 
in an amount of 10 mol% or less in said niobium powder. 

(18) The niobium powder as described in 17 above, wherein said at least one element is contained in an amount 
35 of 0.01 to 1 0 mol% in said niobium powder. 

(19) The niobium powder as described in 1 8 above, wherein said at least one element is contained in an amount 
of 0.1 to 7 mol% in said niobium powder. 

(20) The niobium powder as described in any one of 1 to 16 above, wherein said niobium powder has a mean 
particle size of 0.05 u,m to 5 n.m. 

40 (21) The niobium powder as described in 20 above, wherein said niobium powder has a mean particle size of 0.2 

urn to 4 (im. 

(22) The niobium powder as described in any one of 1 to 16 above, wherein said niobium powder has a BET 
specific surface area of 0.5 to 40 m 2 /g. 

(23) The niobium powder as described in 22 above, wherein said niobium powder has a BET specific surface area 
45 of 1 to 20 m 2 /g. 

(24) The niobium powder as described in any one of 2, 3, 4, 7, 8, 9, 10, 11, 12, 13, 14, 15 and 16 above, further 
comprising at least one element selected from the group consisting of nitrogen, carbon, boron, and sulfur. 

(25) The niobium powder as described in 5 or 6 above, further comprising at least one element selected from the 
group consisting of nitrogen, carbon and sulfur. 

so (26) The niobium powder as described in 24 or 25 above, wherein at least one element selected from the group 

consisting of nitrogen, carbon, boron and sulfur is contained in an amount of 200,000 ppm or less. 

(27) The niobium powder as described in 26 above, wherein at least one element selected from the group consisting 
of nitrogen, carbon, boron, and sulfur is contained in an amount of 50 ppm to 200,000 ppm. 

(28) A niobium granulated product prepared by granulating said niobium powder as described in any one of 1 to 
55 27 above to have a mean particle size of 1 0 u.m to 500 urn. 

(29) The niobium granulated product as described in 28 above, wherein the mean particle size is 30 \xm to 250 urn. 

(30) A sintered body using said niobium powder as described in any one of 1 to 27 above. 

(31) A sintered body using said niobium granulated product as described in 28 or 29 above. 
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(32) A capacitor comprising an electrode using said niobium sintered body as described in 30 or 31 above, a 
dielectric formed on a surface of said electrode, and a counter electrode formed on said dielectric. 

(33) The capacitor as described in 32 above, wherein said dielectric comprises niobium oxide as a main component. 

(34) The capacitor as described in 33 above, wherein said niobium oxide is prepared by electrolytic oxidation. 

(35) The capacitor as described in 32 above, wherein said counter electrode comprises at least one material 
selected from the group consisting of an electrolytic solution, an organic semiconductor, and an inorganic semi- 
conductor. 

(36) The capacitor as described in 32 above, wherein said counter electrode comprises an organic semiconductor, 
which comprises at least one material selected from the group consisting of an organic semiconductor comprising 
benzopyrroline tetramer and chloranil, an organic semiconductor comprising tetrathiotetracene as the main com- 
ponent, an organic semiconductor comprising tetracyanoquinodimethane as the main component, and an electro- 
conducting polymer. 

(37) The capacitor as described in 36 above, wherein said electroconducting polymer is at least one selected from 
the group consisting of polypyrrole, polythiophene, polyaniline, and substituted compounds thereof. 

(38) The capacitor as described in 36 above, wherein said electroconducting polymer is prepared by doping a 
polymer comprising a repeat unit represented by general formula (1) or (2) with a dopant: 




(1) 




(2) 



wherein R 1 to R 4 which may be the same or different, each independently represents a monovalent group selected 
from the group consisting of a hydrogen atom, a straight-chain or branched alkyl group, alkoxyl group, or alkylester 
group, having 1 to 10 carbon atoms, which may be saturated or unsaturated, a halogen atom, a nitro group, a 
cyano group, a primary, secondary or tertiary amino group, a CF 3 group, and a substituted or unsubstituted phenyl 
group, and R 1 and R 2 , and R 3 and R 4 may independently form in combination a bivalent chain constituting a 
saturated or unsaturated hydrocarbon cyclic structure of at least one 3- to 7-membered ring together with carbon 
atoms undergoing substitution by combining hydrocarbon chains represented by R 1 and R 2 or R 3 and R 4 at an 
arbitrary position, in which a linkage of carbonyl, ether, ester, amide, sulfide, sulfinyl, sulfonyl, or imino may be 
included at an arbitrary position in the cyclic combined chain; X is an oxygen atom, a sulfur atom, or a nitrogen 
atom; and R 5 , which is present only when X represents a nitrogen atom, is independently a hydrogen atom, or a 
straight-chain or branched alkyl group having 1 to 10 carbon atoms, which may be saturated or unsaturated. 
(39) The capacitor as described in 38 above, wherein said electroconducting polymer comprises a repeat unit 
represented by general formula (3): 
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wherein R 6 and R 7 which may be the same or different, each independently represents a hydrogen atom, a straight- 
10 chain or branched alkyl group having 1 to 6 carbon atoms, which may be saturated or unsaturated, or a substituent 
group constituting a cyclic structure of a saturated hydrocarbon of at least one 5- to 7-membered ring including 
two oxygen atoms by combining the alkyl groups represented by R 6 and R 7 at an arbitrary position, in which a 
substituted or unsubstituted vinylene linkage or a substituted or unsubstituted phenylene structure may be included 
in the cyclic structure. 

15 (40) The capacitor as described in 39 above, wherein said electroconducting polymer comprising said repeat unit 

represented by formula (3) is poly(3,4-ethylenedioxythiophene). 

(41) The capacitor as described in 36 above, wherein said counter electrode comprises organic semiconductor 
having a laminated structure. 

(42) The capacitor as described in 36 above, wherein said counter electrode is organic semiconductor material 
20 which contains an organic sulfonic acid anion as a dopant. 

(43) A method for producing the niobium powder comprising nitrogen as described in 24 or 25 above, wherein the 
niobium powder is subjected to surface treatment using at least one process selected from the group consisting 
of liquid nitridation, ion nitridation and gas nitridation. 

(44) A method for producing the niobium powder comprising carbon as described in 24 or 25 above, wherein the 
25 niobium powder is subjected to surface treatment using at least one process selected from the group consisting 

of gas carbonization, solid-phase carbonization and liquid carbonization. 

(45) A method for producing the niobium powder comprising boron as described in 24 above, wherein the niobium 
powder is subjected to surface treatment using at least one process selected from the group consisting of gas 
boronization and solid-phase boronization. 

30 (46) A method for producing the niobium powder comprising sulfur as described in 24 or 25 above, wherein the 

niobium powder is subjected to surface treatment using at least one process selected from the group consisting 
of gas sulfidation, ion sulfidationand solid-phase sulfidation. 

(47) An electronic circuit using the capacitor described in any one of 32 to 42 above. 

(48) An electronic instrument using the capacitor described in any one of 32 to 42 above. 

35 

Detailed Description of The Invention 

[0011] The capacitor of the present invention which has a large capacitance and good leakage current characteristics, 
niobium powder and sintered body thereof which attribute to those good capacitor characteristics will be explained with 
40 regard to the following four groups ((1 ) ~ (4)): 

(1) The niobium powder for capacitors comprising at least one element selected from the group consisting of 
chromium, molybdenum and tungsten, and the sintered body thereof (The first group of the invention); 

(2) The niobium powder for capacitors comprising at least one element selected from the group consisting of boron, 
45 aluminum, gallium, indium and thallium, and the sintered body thereof (The second group of the invention); 

(3) The niobium powder for capacitors comprising at least one element selected from the. group consisting of 
cerium, neodymium, titanium, rhenium, ruthenium, rhodium, palladium, silver, zinc, silicon, germanium, tin, phos- 
phorus, arsenic and bismuth, and the sintered body thereof (The third group of the invention); and 

(4) The niobium powder for capacitors comprising at least one element selected from the group consisting of 
so rubidium, cesium, magnesium, strontium, barium, scandium, yttrium, lanthanum, praseodymium, samarium, euro- 
pium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium, hafnium, vanadium, os- 
mium, iridium, platinum, gold, cadmium, mercury, lead, selenium and tellurium, and the sintered body thereof (The 
fourth group of the invention). 



55 (1 ) The First Group (Niobium Powder and Sintered body) 

[0012] The first group of the present invention relates to a niobium powder and a sintered body thereof, wherein the 
niobium powder contains at least one element selected from the transition elements of group 6 in the periodic table, 
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that is, chromium, molybdenum, and tungsten. 

[0013] Chromium, molybdenum, and tungsten are elements that can form an alloy with niobium. The most effective 
for lowering the leakage current value is tungsten, while molybdenum and chromium follow in that order. It is therefore 
most preferable that the niobium powder of the first group of the present invention contains tungsten. Such a tungsten- 
5 containing niobium powder may further comprise molybdenum and/or chromium, preferably chromium. The total 
amount of these elements maybe 1 0 mol% or less, preferably in the range of 0.01 mol% to 1 0 mol%, more preferably 
in the range of 0.1 mol% to 7 mol% in the niobium powder. 

[0014] According to the present invention, it is preferable to use a sintered body of a niobium powder for a capacitor, 
with the niobium powder containing at least one element selected from the group consisting of chromium, molybdenum, 
10 and tungsten in an amount of 1 0 mol% or less, more preferably in the range of 0.01 mol% to 1 0 mol% of the niobium 
powder. 

[0015] If the content of the above-mentioned element is less than 0.01 mol%, it is impossible to inhibit the tendency 
whereby oxygen in a dielectric film formed by electrolytic oxidation, to be described later, is apt to diffuse into the 
niobium metal side. Consequently, the stability of a film obtained by electrolytic oxidation, i.e., dielectric film, cannot 
15 be maintained, so that the LC value cannot be effectively lowered. If the content of the above-mentioned element is 
more than 1 0 mol%, the amount of niobium itself in the niobium powder decreases. As a result, the capacitance of the 
capacitor decreases. 

[0016] In light of the above, the most preferable amount of at least one element selected from the group consisting 
of chromium, molybdenum, and tungsten is in the range of 0.01 to 10 mol%. In order to further reduce the leakage 
20 current value, it is preferable that the above-mentioned element be contained in an amount of 3 mol% or less, and 
more preferably in the range of 0.05 to 3 mol% in the niobium powder. 

[0017] It is preferable that the niobium powder have a mean particle size (mean particle diameter) of 5 \vm or less, 
and more preferably 4 urn or less to increase the specific surface area of the powder. Most preferably, the mean particle 
diameter of the niobium powder of the present invention may be 0.2 urn or more and 5 u.m or less. The reason for this 
25 is as follows. 

[0018] The capacitance C of a capacitor is generally expressed by the following equation: 
C = e x (S/d), 

30 

wherein C represents the capacitance, e represents the dielectric constant, S represents the specific surface 
area, and d represents the distance between electrodes. 

[0019] Since d = k x V, wherein k is a constant and V represents the forming voltage, C = e x (S/(k x V)); hence, it 
follows that C x V= (e/k)xS. 

35 [0020] In view of the equation, the capacitance of the capacitor can be increased merely by increasing the specific 
surface area. Assuming that the niobium powder has a spherical shape, the smallerthe particle diameter of the niobium 
powder, the largerthe capacitance of the obtained capacitor. However, in fact, the niobium powder is not in acompletely 
spherical shape, and occasionally contains flake-shaped particles. 

[0021] As described above, the characteristics required for the capacitor of the present invention are not only a large 
40 capacitance but also good leakage current properties. This cannot be achieved simply by enlarging the specific surface 
area of the powder. 

[0022] According to the present invention, by using a niobium powder containing at least one element selected from 
the group consisting of chromium, molybdenum, and tungsten as a raw material to produce a sintered body, it becomes 
possible to provide a capacitor capable of satisfying both the above-mentioned capacitor characteristics, and a niobium 
45 sintered body that can provide such capacitor characteristics. 

[0023] TABLE 1 shows the particle diameter and the specific surface area of respective tungsten-containing niobium 
powders which the inventors of the present invention prepared through pulverizing as one embodiment. 



TABLE 1 



Mean Particle Size (D 50 ) 


Specific Surface Area (S) 


5 urn 


0.6 m 2 /g 


2 urn 


1 .3 m 2 /g 


0.9 jim 


2.3 m 2 /g 


0.5 (im 


4.2 m 2 /g 


0.2 u.m 


10.0 m 2 /g 


0.1 jim 


20.8 m 2 /g 



s 
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TABLE 1 (continued) 



Mean Particle Size (D 50 ) 


Specific Surface Area (S) 


0.05 um 


38.8 m 2 /g 



[0024] The mean particle size herein used is a value D^,, which represents a particle diameter, measured using a 
particle size distribution measuring apparatus "Microtrac" (trademark), made by Microtrac Corporation, when the mass 
percentage reaches 50% by cumulative distribution by mass. The specific surface area is a value measured by the 
BET method. 

[0025] When the mean particle size of the niobium powder containing at least one element selected from the group 
consisting of chromium, molybdenum, and tungsten is less than 0.05 urn, a sintered body made from the niobium 
powder has a small pore size and has many closed pores. Therefore, there is a tendency for the sintered body to be 
not easily impregnated with an agent for cathode as described later. The result is that the capacitance of the obtained 
capacitor cannot be increased, and therefore, the above-mentioned sintered body is not suitable for capacitors. When 
the mean particle size exceeds 5 urn, a large capacitance cannot be obtained. 

[0026] In light of the above-mentioned points, a large capacitance can be obtained in the present invention by em- 
ploying a niobium powder preferably having a mean particle size of 0.05 urn or more and 5 urn or less. 
[0027] It is preferable that the niobium powder of the present invention have a BET specific surface area of at least 
0.5 m 2 /g, more preferably at least 1 .0m 2 /g, and further preferably at least 2.0 m 2 /g. In addition, it is preferable that the 
niobium powder of the present invention be a powder with a BET specific surface area of 0.5 to 40 m 2 /g, more preferably 
1 to 20 m 2 /g, and particularly preferably 1 to 10 m 2 /g. 

[0028] It is known that the dielectric constant (e) of niobium is about two times greater than that of tantalum. However, 
it is not known whether chromium, molybdenum, ortungsten is a valve metal that is one of thecapacitorcharacteristics. 
Therefore it has not been known that the dielectric constant e of the niobium powder containing at least one element 
selected from the group consisting of chromium, molybdenum, and tungsten will increase. 
[0029] In the present invention, when the niobium powder containing at least one element selected from the group 
consisting of chromium, molybdenum, and tungsten is controlled to have a small mean particle size and is made into 
a sintered body with a large capacitance, as mentioned above, there is no peculiar increase in the LC value. 
[0030] This action is assumed to be as follows. The bonding strength between niobium and oxygen is greater than 
that between tantalum and oxygen. Therefore, oxygen in a film prepared by electrolytic oxidation, i.e., a dielectric film, 
tends to diffuse into the side of a niobium metal. However, because part of the niobium and at least one element of 
chromium, molybdenum, or tungsten are bonded together in the sintered body of the present invention, there is less 
chance for oxygen in the electrolytic oxidation film to be bonded to niobium, thereby preventing oxygen from diffusing 
into the metal. 

[0031] As a result, it is possible to maintain the stability of the electrolytic oxidation film, and therefore, it is considered 
that the effect of decreasing the LC value and minimizing the dispersion of the LC value can be obtained in a capacitor 
with a high capacitance prepared from the niobium powder with a small particle diameter. 

[0032] The present invention will now be described by taking tungsten as an example of the transition elements of 
the group 6 in the periodic table. The present invention is not limited to this example, but also applies to the case where 
chromium or molybdenum is used. 

[0033] It is particularly preferable that the tungsten-containing niobium powder used to prepare a sintered body have 
a mean particle size of 0.2 urn or more and 5 urn or less as mentioned above. 

[0034] The tungsten-containing niobium powder having such a mean particle size can be prepared from, for example, 
a hydride of a niobium - tungsten alloy in the form of an ingot, pellet, or powder through pulverizing and dehydrogenation. 
Alternatively, a niobium powder prepared by subjecting a hydride of a niobium ingot, pellet, or powder to pulverizing 
and dehydrogenation, or by pulverizing a sodium reduced form of potassium fluoroniobate, is mixed with tungsten 
carbide, tungsten oxide, ortungsten powder. Or, a mixture of niobium oxide and tungsten oxide may be subjected to 
carbon reduction. 

[0035] For example, when the tungsten-containing niobium powder is prepared from a hydride of a niobium - tungsten 
alloy ingot through pulverizing and dehydrogenation, a tungsten-containing niobium powder with a desired mean par- 
ticle size can be obtained by adjusting the content of hydride in the niobium - tungsten alloy, and the pulverizing time 
and a pulverizer. 

[0036] Further, a niobium powder with a mean particle size of from 0.2 urn or more to 5 urn or less may be added to 
the tungsten-containing niobium powderthus obtained. The niobium powderto be added can be prepared, for example, 
by pulverizing a sodium reduced form of potassium fluoroniobate, or subjecting a hydride of a niobium ingot to pulver- 
izing and dehydrogenation, or by subjecting niobium oxide to carbon reduction. 

[0037] In order to further improve the leakage current value in a sintered body of the obtained tungsten-containing 
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niobium powder, the tungsten-containing niobium powder may be partially bonded to at least one of nitrogen, carbon, 
boron, or sulfur. Any of the tungsten-containing niobium nitride, tungsten-containing niobium carbide, tungsten-con- 
taining niobium boride, and tungsten-containing niobium sulfide, resulting from the bonding to nitrogen, carbon, boron, 
and sulfur, respectively may be added alone, or the two to four kinds may be selectively contained. 

5 [0038] The amount of element for bonding, that is, the total content of carbon, nitrogen, boron, and sulfur, which 
depends upon the shape of the tungsten-containing niobium powder, may be more than 0 ppm and not more than 
200,000 ppm, preferably in the range of 50 ppm to 100,000 ppm, and more preferably 200 ppm to 20,000 ppm when 
the tungsten-containing niobium powder has a mean particle size from 0.05 u.m to 5 u.m . When the total content exceeds 
200,000 ppm, the capacitance characteristics deteriorate to such an extent that the niobium powder becomes unsuit- 

10 able for a capacitor. 

[0039] Nitridation of the tungsten-containing niobium powder can be performed by any of liquid nitridation, ion nitri- 
dation, or gas nitridation, or by a combination of those methods. Gas nitridation under a nitrogen gas atmosphere is 
preferred because the system can be made simple and the operation can be made easy. 

[0040] For example, according to gas nitridation under a nitrogen atmosphere, the tungsten-containing niobium pow- 
15 der maybe allowed to stand under a nitrogen gas atmosphere. The tungsten-containing niobium powder partially ni- 
trided to a desired extent can be obtained at a nitriding atmosphere temperature of 2000°C or less within one hundred 
hours. An increase in processing temperature can curtail the processing time. 

[0041] The tungsten-containing niobium powder can be carbonized by any method of gas carbonization, solid-phase 
carbonization, or liquid carbonization. For example, the tungsten-containing niobium powder may be allowed to stand 
20 together with a carbon source of a carbon-containing organic material such as a carbon material or methane at 2000°C 
or less under reduced pressure for one minute to one hundred hours. 

[0042] The tungsten-containing niobium powder can be borided by gas boronization or solid-phase boronization. For 
example, the tungsten-containing niobium powder may be allowed to stand together with a boron source such as boron 
pellets or boron halide, i.e., trifluoroboron under reduced pressure at temperatures of 2000°C or less for one minute 
25 to one hundred hours. 

[0043] The tungsten-containing niobium powder can be sulfided by any of gas sulfidation, ion sulfidation, or solid- 
phase sulfidation. For example, according to gas sulfidation under a sulfur gas atmosphere, the tungsten-containing 
niobium powder may be allowed to stand under a sulfur atmosphere. The tungsten-containing niobium powder sulfided 
to a desired extent can be obtained at temperatures of 2000°C or less and a standing time of one hundred hours or 
30 less. The higher the processing temperature, the shorter the processing time. 

[0044] According to the present invention, the tungsten-containing niobium powder can be used for a capacitor after 
granulation to have a desired configuration. Alternatively, the granulated powder may be mixed with a proper amount 
of ungranulated niobium powder after granulation. 

[0045] With respect to the granulation method, the tungsten-containing niobium powder not subjected to granulation 
35 is allowed to stand under high vacuum, heated to an appropriate temperature, and then subjected to cracking. Alter- 
natively, the tungsten-containing niobium powder not subjected to granulation is mixed with an appropriate binder such 
as camphor, polyacrylic acid, poly(methyl acrylate), or polyvinyl alcohol), and a solvent such as acetone, alcohol, 
acetate, or water, and thereafter the resulting mixture is subjected to cracking. 

[0046] The tungsten-containing niobium powderthus granulated can improve pressure-moldability in the preparation 
40 of a sintered body. In this case, it is preferable that the granulated powder have a mean particle size of 1 0 u.m to 500 
^m. When the mean particle size of the granulated powder is 1 0 u.m or less, partial blocking takes place, which degrades 
the flowability toward a mold. When the granulated powder has a mean particle size of 500 u.m or more, an angular 
portion of a molded article is easily chipped off after pressure molding. Granulated powders have preferably a mean 
particle size of 30 u.m to 250 u.m, and particularly preferably of 60 urn to 250 urn because the sintered body is easily 
45 impregnated with a negative electrode material after pressure molding of the niobium powder in the production of a 
capacitor. 

[0047] The above-mentioned nitridation, carbonization, boronization, and sulfidation can be carried out, not only for 
the niobium powder, but also for the granulated niobium powder and for the niobium sintered body. 
[0048] The tungsten-containing niobium sintered body for a capacitor according to the present invention is produced 
so by sintering the aforementioned tungsten-containing niobium powder or the granulated tungsten-containing niobium 
powder. An example of a method for producing the sintered body will be described later, but does not limit the present 
invention. For instance, a tungsten-containing niobium powder is subjected to pressure molding to have a predeter- 
mined shape, and the molded material is heated at 500°C to 2000°C, preferably 900°C to 1 500°C, and more preferably 
900°C to 1300°C under the application of a pressure of 10" 5 to 10 2 Pa (pascal) for one minute to ten hours. 

55 

(2) The Second Group (Niobium Powder and Sintered Body) 

[0049] In the second group of the present invention, a niobium powder comprising at least one element selected 
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from the group consisting of boron, aluminum; gallium, indium and thallium is used as a starting material of the niobium 
powder. 

[0050] The boron, aluminum, gallium, indium and thallium for use in the present invention are elements capable of 
forming an alloy with niobium and among these, boron and aluminum have an effect of most reducing the leakage 

5 current and next effective are gallium, indium and thallium in this order. Accordingly, in the present invention, boron or 
aluminum is particularly preferably incorporated into the niobium powder. The boron-containing niobium powder may 
further contain aluminum, gallium, indium and thallium. The total content of these elements in the niobium powder is 
10 mol% or less, preferably from 0.01 to 10 mol% and more preferably from 0.1 to 7 mol%. In other words, the niobium 
powder formed into a sintered body and used for a capacitor in the present invention preferably contains at least one 

10 element selected from the group consisting of boron, aluminum, gallium, indium and thallium, in the range of 1 0 mol% 
or less, more preferably from 0.01 to 10 mol% and particularly preferably 0.1 to 7 mol%. 

[0051] If the content of the element is less than 0.01 mol%; oxygen in the dielectric film formed by the electrolytic 
oxidation which is described later cannot be inhibited from diffusing toward the internal niobium metal side, as a result, 
the stability of the electrolytic oxide film (the dielectric film) cannot be maintained and the effect of reducing LC can be 
15 hardly obtained. On the other hand, if the content of the element exceeds 10 mol%, the content of the niobium itself 
in the niobium powder is reduced, as a result, the capacitance as a capacitor decreases. 

[0052] Accordingly, the content of at least one element selected from the group consisting of the boron, aluminum, 
gallium, indium and thallium is preferably from 0.01 to 10 mol%. In order to more reduce the leakage current, the 
content of the element in the niobium powder is preferably 7 mol% or less, more preferably from 0.1 0 to 7 mol%. 
20 [0053] In orderto increase the specific surface area of powder, the niobium powder of the present invention preferably 
has a mean particle size of 5 u,m or less, more preferably 4 urn or less. Also, the mean particle size of the niobium 
powder of the present invention is preferably from 0.05 to 4 u.m. The reasons therefor are described above with regard 
to the niobium powder of the first group. 

[0054] In the present invention, the starting material niobium powder used for manufacturing a sintered body is a 
25 niobium powder comprising at least one element selected from the group consisting of boron, aluminum, gallium, 
indium and thallium, whereby a capacitor satisfying both of the above-described properties or a niobium sintered body 
capable of ensuring those capacitor properties can be provided. 

[0055] The meanparticle size (D 50 , u.m) and the specific surface area (S, m 2 /g) of a boron-containing niobium powder 
manufactured as one example by the present inventors (produced by a pulverization method) are shown in Table 2 
30 below. 



TABLE 2 



Mean Particle Size (D 50 ) (urn) 


Specific Surface Area (S) (m 2 g) 


5.0 


0.60 


2.0 


1.3 


0.9 


2.4 


0.5 


4.3 


0.2 


10.0 


0.1 


20.9 


0.05 


39.2 



[0056] The mean particle size (D 50 ; u.m) shown in Table 2 above is a value measured using a particle size distribution 
measuring apparatus ("Microtrac", trade name, manufactured by Microtrac Company) (the D 50 value indicates a particle 
size when the cumulative % by mass corresponds to 50% by mass). The specific surface area is a value measured 
by the BET method. 

[0057] If the mean particle size of the niobium powder comprising at least one element selected from the group 
consisting of boron, aluminum, gallium, indium and thallium exceeds 5 um, a capacitor having a large capacitance 
cannot be obtained, whereas if the mean particle size is less than 0.05 u.m, the pore size becomes small and closed 
pores increase when a sintered body is produced from the powder, therefore, a cathode material which is described 
later cannot be easily impregnated, as a result, the niobium powder cannot provide a capacitor having a large capac- 
itance and the sintered body thereof is not suitable for use in a capacitor. 

[0058] From these reasons, the niobium powder for use in the present invention preferably has a mean particle size 
of 0.05 to 4 um, whereby a large-capacitance capacitor can be obtained. 

[0059] The niobium powder of the present invention is preferably a powder having a BET specific surface area of at 
least 0.5 m 2 /g, more preferably at least 1 m 2 /g, and still more preferably at least 2 m 2 /g. Also, the niobium powder of 
the present invention preferably has a BET specific surface area of 0.5 to 40 m 2 /g, more preferably from 1 to 20 m 2 /g 
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and particularly preferably from 1 to 10 m 2 /g. 

[0060] With respect to the dielectric constant (e), niobium is known to have a dielectric constant as large as about 
two times the dielectric constant of tantalum, however, whether or not boron, gallium, indium and thallium are a valve 
metal having capacitor properties is not known. Aluminum is a valve acting metal but the dielectric constant thereof is 
5 known to be smaller than that of niobium. Accordingly, even when at least one element selected from the group con- 
sisting of boron, aluminum, gallium, indium and thallium is incorporated into niobium, it is not known whether e of the 
niobium powder containing the element increases. 

[0061] According to the investigations by the present inventors, even when the niobium powder is reduced in the 
mean particle size and a sintered body having a high capacitance is manufactured therefrom, the LC value is not 

10 peculiarly increased insofar as at least one element of boron, aluminum, gallium, indium and thallium is contained. 
[0062] The reasons for this result are presumed as follows. Niobium has a high bonding strength to an oxygen 
element as compared with tantalum and therefore, oxygen in the electrolytic oxide film (dielectric material film) is liable 
to diffuse toward the internal niobium metal side, however, in the sintered body of the present invention, a part of 
niobium is bonded to at least one element of boron, aluminum, gallium, indium and thallium and therefore, oxygen in 

15 the electrolytic oxide film is not easily bonded to the internal niobium metal and inhibited from diffusing toward the 
metal side, as a result, the stability of the electrolytic oxide film can be maintained and an effect of reducing the LC 
value and the dispersion thereof even in the case of a capacitor having a fine particle size and a high capacitance can 
be attained. 

[0063] The present invention is described below using boron as an example, however, the present invention is not 
20 limited thereto and the following content can be applied also to the cases using aluminum, gallium, indium or thallium. 
[0064] A boron-containing niobium powerfor use in the manufacture of a sintered body preferably has a mean particle 
size of 0.05 to 4 urn as described above. 

[0065] The boron-containing niobium powder having such a mean particle size can be obtained, for example, by a 
method of pulverizing and dehydrogenating a hydride of a niobium-boron alloy ingot, pellet or powder. 

25 [0066] The boron-containing niobium powder can also be obtained by a method of mixing boric acid, boron oxide 
and boron powder with a niobium powder formed by pulverizing and dehydrogenating a hydride of a niobium ingot, 
pellet or powder, by pulverizing a sodium reduction product of potassium fluoroniobate or by pulverizing a reduction 
product resultingfrom reducing a niobium oxide using at least onemember of hydrogen, carbon, magnesium, aluminum, 
or by a method of carbon-reducing a mixture of niobium oxide and boron oxide. 

30 [0067] For example, in the case of obtaining a niobium powder by pulverizing and dehydrogenating a hydride of a 
niobium-boron alloy ingot, a boron-containing niobium powder having a desired mean particle size can be obtained by 
controlling the amount of the niobium-boron alloy ingot hydrogenated, the pulverization time, the grinding machine or 
the like. The thus-obtained boron-containing niobium powder may be mixed with a niobium powder having a mean 
particle size of 5 urn or less to adjust the boron content. The niobium powder added here may be obtained, for example, 

35 by a method of pulverizing a sodium reduction product of potassium fluoroniobate, a method of pulverizing and dehy- 
drogenating a hydroxide of a niobium ingot, a method of reducing a niobium oxide using at least one member of 
hydrogen, carbon, magnesium and aluminum, or a method of hydrogen-reducing a niobium halide. 
[0068] In order to further improve the leakage current value of the thus-obtained boron-containing niobium powder, 
a part of the boron-containing niobium powder may be surface-treated by nitridation, carbonization, sulfidation and 

40 further boronization. The powder may comprise any of these products obtained by the surface-treatment of nitridation, 
carbonization, sulfidation or boronization, more specifically, the powder may comprise any of boron-containing niobium 
nitride, boron-containing niobium carbide, boron-containing niobium sulfide and boron-containing niobium boride. The 
powder may also comprise two, three or four of these products in combination. 

[0069] The sum total of the bonding amounts, that is, the total content of nitrogen, carbon, boron and sulfur varies 
45 depending on the shape of the boron-containing niobium powder, however, in the case of a powder having a mean 
particle size of approximately from 0.05 to 5 u.m, the total content is more than 0 ppm and not more than 200,000 ppm, 
preferably from 50 to 200,000 ppm, more preferably from 200 to 20,000 ppm. If the total content exceeds 200,000 
ppm, the capacitance characteristics are deteriorated and the fabricated product is not suitable as a capacitor. 
[0070] The nitridation of the boron-containing niobium powder can be performed by any one of liquid nitridation, ion 
so nitridation and gas nitridation or by a combination thereof. Among these, gas nitridation in a nitrogen gas atmosphere 
is preferred because the apparatus therefor is simple and the operation is easy. For example, the gas nitridation in a 
nitrogen gas atmosphere can be attained by allowing the above-described boron-containing niobium powder to stand 
in a nitrogen gas atmosphere. With an atmosphere temperature of 2,000°C or less and a standing time of one hundred 
hours or less, a boron-containing niobium powder having an objective nitrided amount can be obtained. The treatment 
55 time can be shortened by performing this treatment at a higher temperature. 

[0071] The carbonization of the boron-containing niobium powder may be any one of gas carbonization, solid-phase 
carbonization and liquid carbonization. For example, the boron-containing niobium powder may be carbonized by al- 
lowing it to stand together with a carbon material or a carbon source such as an organic material having carbon (e.g., 
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methane), at 2,000°C or less under reduced pressure for one minute to one hundred hours. 
[0072] The sulfidation of the boron-containing niobium powdermay be any one of gas sulfidation, ion sulfidation and 
solid-phase sulfidation. For example, the gas sulfidation in a sulfur gas atmosphere can be attained by allowing the 
boron-containing niobium powder to stand in a sulfur atmosphere. With an atmosphere temperature of 2,000°C or less 

5 and a standing time of one hundred hours or less, a boron-containing niobium powder having an objective sulfudized 
amount can be obtained. The treatment time can be shortened by performing the treatment at a higher temperature. 
[0073] The boronization of the boron-containing niobium powder may be either gas boronization or solid-phase bo- 
ronization. For example, the boron-containing niobium powder may be boronized by allowing it to stand together with 
a boron source such as boron pellet or boron halide (e.g., trifluoroboron), at 2,000°C or less for one minute to one 

10 hundred hours under reduced pressure. 

[0074] The boron-containing niobium powder for capacitors of the present invention may be used after granulating 
the boron-containing niobium powder into an appropriate shape or may be used by mixing an appropriate amount of 
non-granulated niobium powder after the above-described granulation. 

[0075] Examples of the granulation method include a method where non-granulated boron-containing niobium pow- 
15 der is allowed to stand in a high vacuum, heated to an appropriate temperature and then cracked, and a method where 
non-granulated boron-containing niobium powder is mixed with an appropriate binder such as camphor, polyacrylic 
acid, polymethyl acrylic acid ester or polyvinyl alcohol, and a solvent such as acetone, alcohols, acetic acid esters or 
water, and then cracked. 

[0076] The boron-containing niobium powder granulated as such is improved in the press-molding property at the 
20 production of a sintered body. The mean particle size of the granulated powder is preferably from 1 0 to 500 u.m. If the 
mean particle size of the granulated powder is less than 1 0 urn, partial blocking takes place and the fluidity into a metal 
mold deteriorates, whereas if it exceeds 500 u,m, the molded article after the press-molding is readily broken at the 
corner parts. The mean particle size of the granulated powder is more preferably from 30 to 250 ujti because a cathode 
agent can be easily impregnated at the manufacture of a capacitor after sintering the press-molded article. 
25 [0077] The boron-containing niobium sintered body for capacitors of the present invention is produced by sintering 
the above-described boron-containing niobium powder or granulated boron-containing niobium powder. The production 
method for the sintered body is not particularly limited, however, the sintered body may be obtained, for example, by 
press-molding the boron-containing niobium powder into a predetermined shape and then heating it at 500 to 2,000°C, 
preferably from 900 to 1 ,500°C, more preferably from 900 to 1 ,300°C, for one minute to ten hours under a pressure 
30 of 1 0- 5 to 10 2 Pa. 

(3) The Third Group (Niobium Powder and Sintered Body) 

[0078] In the third group of the present invention, a niobium powder comprising at least one element selected from 
35 the group consisting of cerium, neodymium, titanium, rhenium, ruthenium, rhodium, palladium, silver, zinc, silicon, 
germanium, tin, phosphorus, arsenic and bismuth can used as a starting material of the niobium powder. 
[0079] The cerium, neodymium, titanium, rhenium, ruthenium, rhodium, palladium, silver, zinc, silicon, germanium, 
tin, phosphorus, arsenic and bismuth are elements capable of forming an alloy with niobium. In particular, a niobium 
powder comprising at least one element selected from the group consisting of rhenium, neodymium, zinc, arsenic, 
40 phosphorus, germanium and tin is preferred, and a niobium powder comprising at least one element selected from the 
group consisting of rhenium, neodymium and zinc is more preferred. 

[0080] In one embodiment, the niobium powder is, for example, a rhenium-containing niobium powder comprising 
at least one element of cerium, neodymium, titanium, ruthenium, rhodium, palladium, silver, zinc, silicon, germanium, 
tin, phosphorus, arsenic and bismuth. In the present invention, the total content of these elements in the niobium 

45 powder is 10 mol% or less, preferably from 0.01 to 10 mol%, more preferably from 0.1 to 7 mol%. 

[0081 ] If the total content of the element is less than 0.01 mol%, oxygen in the dielectric film formed by the electrolytic 
oxidation which is described later cannot be inhibited from diffusing toward the niobium metal side, as a result, the 
stability of the electrolytic oxide film (the dielectric film) cannot'be maintained and the effect of reducing LC can be 
hardly obtained. On the other hand, if the total content of the element exceeds 10 mol%, the content of the niobium 

so itself in the niobium powder is reduced, as a result, the capacitance as a capacitor decreases. 

[0082] Accordingly, the total content of at least one element selected from the group consisting of cerium, neodymium, 
titanium, rhenium, ruthenium, rhodium, palladium, silver, zinc, silicon, germanium, tin, phosphorus, arsenic and bismuth 
is preferably from 0.01 to 1 0 mol%. 

[0083] In order to more reduce the leakage current, the content of the element in the niobium powder is preferably 
55 7 mol% or less, more preferably from 0.1 to 7 mol%. 

[0084] In orderto increase the specific surface area of powder, the niobium powder of the present invention preferably 
has a mean particle size of 5 urn or less, more preferably 4 jim or less. Also, the mean particle size of the niobium 
powder is preferably from 0.05 to 4 u.m. The reasons therefor are described above with regard to the niobium powder 
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of the first group. 

[0085] In the present invention, the starting material niobium powder used for manufacturing a sintered body is a 
niobium powder comprising at least one element selected from the group consisting of cerium, neodymium, titanium, 
rhenium, ruthenium, rhodium, palladium, silver, zinc, silicon, germanium, tin, phosphorus, arsenic and bismuth, where- 
5 by a capacitor satisfying both of the above-described properties or a niobium sintered body capable of ensuring those 
capacitor properties can be provided. 

[0086] The mean particle size (D 50 , u.m) and the specific surface area (S, m 2 /g) of a rhenium-containing niobium 
powder manufactured as one example by the present inventors (produced by a pulverization method) are shown in 
Table 3 below. 

10 

TABLE 3 



Mean Particle Size (D 50 ) (am) 


Specific Surface Area (S) (m 2 /g) 


4.9 


0.63 


2.0 


1.3 


0.9 


2.6 


0.5 


4.9 


0.2 


11.0 


0.1 


20.7 


0.05 


38.4 



[0087] The mean particle size (D 50 ; urn) shown in Table 3 is a value measured using a particle size distribution 
measuring apparatus ("Microtrac", trade name, manufactured by Microtrac Company) (the value indicates a particle 
size when the cumulative% by mass corresponds to 50% by mass). The specific surface area is a value measured by 
the BET method. 

[0088] If the mean particle size of the niobium powder comprising at least one element selected from the group 
consisting of cerium, neodymium, titanium, rhenium, ruthenium, rhodium, palladium, silver, zinc, silicon, germanium, 
tin, phosphorus, arsenic and bismuth exceeds 5 um, a capacitor having a large capacitance cannot be obtained, where- 
as if the mean particle size is less than 0.05 urn, the pore size becomes small and closed pores increase when a 
sintered body is produced from the powder, therefore, a cathode material which is described later cannot be easily 
impregnated, as a result, the niobium powder cannot provide a capacitor having a large capacitance and the sintered 
body thereof is not suitable for use in a capacitor. 

[0089] From these reasons, the niobium powder for use in the present invention preferably has a mean particle size 
of 0.05 to 5 um, whereby a large-capacitance capacitor can be obtained. 

[0090] The niobium powder of the present invention is preferably a powder having a BET specific surface area of at 
least 0.5 m 2 /g, more preferably at least 1 m 2 /g, and still more preferably at least 2 m 2 /g. Also, the niobium powder of 
the present invention preferably has a BET specific surface area of 0.5 to 40 m 2 /g, more preferably from 1 to 20 m 2 /g 
and particularly preferably from 1 to 10 m 2 /g. 

[0091] With respect to the dielectric constant (e), niobium is known to have a dielectric constant as large as about 
two times the dielectric constant of tantalum, however, whether cerium, neodymium, titanium, rhenium, ruthenium, 
rhodium, palladium, silver, zinc, silicon, germanium, tin, phosphorus, arsenic and bismuth are a valve metal having 
capacitor properties is not known. Accordingly, even when at least one element selected from the group consisting of 
cerium, neodymium, titanium, rhenium, ruthenium, rhodium, palladium, silver, zinc, silicon, germanium, tin, phosphorus, 
arsenic and bismuth is incorporated into niobium, it is not known whether e of the niobium powder containing the 
element increases. 

[0092] According to the investigations by the present inventors, even when the niobium powder is reduced in the 
mean particle size and a sintered body having a high capacitance is manufactured therefrom, the LC value is not 
peculiarly increased insofar as at least one element of cerium, neodymium, titanium, rhenium, ruthenium, rhodium, 
palladium, silver, zinc, silicon, germanium, tin, phosphorus, arsenic and bismuth is contained. 
[0093] The reasons for this result are presumed as follows. Niobium has a high bonding strength to an oxygen 
element as compared with tantalum and therefore, oxygen in the electrolytic oxide film (dielectric material film) is liable 
to diffuse toward the internal niobium metal side, however, in the sintered body of the present invention, a part of 
niobium is bonded to at least one element of cerium, neodymium, titanium, rhenium, ruthenium, rhodium, palladium, 
silver, zinc, silicon, germanium, tin, phosphorus, arsenic and bismuth and therefore, oxygen in the electrolytic oxide 
film is not easily bonded to the internal niobium metal and inhibited from diffusing toward the metal side, as a result, 
the stability of the electrolytic oxide film can be maintained and an effect of reducing the LC value and the dispersion 
thereof even in the case of a capacitor having a fine particle size and a high capacitance can be attained. 
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[0094] The present invention is described below mainly using rhenium as an example, however, the present invention 
is not limited thereto and the following contents are applied also to the cases using at least one element selected from 
the group consisting of cerium, neodymium, titanium, rhenium, ruthenium, rhodium, palladium, silver, zinc, silicon, 
germanium, tin, phosphorus, arsenic and bismuth. 
5 [0095] The rhenium-containing niobium power for use in the manufacture of a sintered body preferably has a mean 
particle size of 0.05 to 4 u.m as described above. 

[0096] The rhenium-containing niobium powder having such a mean particle size can be obtained, for example, by. 
a method of pulverizing and dehydrogenating a hydride of niobium-rtienium alloy ingot, pellet or powder. The rhenium- 
containing niobium powder can also be obtained by a method of mixing rhenium powder or an oxide, sulfide, sulfate, 
10 halide salt, nitrate, organic acid salt or complex salt of rhenium with a niobium powder formed by pulverizing and 
dehydrogenating a hydride of niobium ingot, pellet or powder, by pulverizing a sodium reduction product of potassium 
fluoroniobate or by pulverizing a reduction product of niobium oxide reduced using at least one member of hydrogen, 
carbon, magnesium, aluminum and the like; or by a method of magnesium-reducing a mixture of niobium oxide and 
rhenium oxide. 

15 [0097] The niobium powder containing rhenium, zinc and germanium can be obtained, for example, by a method of 
pulverizing and dehydrogenating a hydride of niobium-rhenium-zinc-germanium alloy ingot, pellet or powder. This nio- 
bium powder can also be obtained by a method of mixing rhenium powder, zinc powder and germanium powder, or 
oxides, sulfides, sulfates, halide salts, nitrates or organic acid salts of rhenium, zinc, germanium with a niobium powder 
formed by pulverizing and dehydrogenating a hydride of niobium ingot, pellet or powder, by pulverizing a sodium re- 

20 duction product of potassium fluoroniobate or by pulverizing a reduction product of niobium oxide reduced using at 
least one member, of hydrogen, carbon, magnesium, aluminum and the like; or by a method of magnesium-reducing 
a mixture of niobium oxide, rhenium oxide, zinc oxide and germanium oxide. 

[0098] For example, in the case of obtaining the rhenium-containing niobium powder by pulverizing and dehydro- 
genating a hydride of a niobium-rhenium alloy ingot, a rhenium-containing niobium powder having a desired mean 
25 particle size can be obtained by controlling the amount of the niobium-rhenium alloy hydrogenated, the pulverization 
time, the grinding machine or the like. 

[0099] The thus-obtained rhenium-containing niobium powder may be mixed with a niobium powder having a mean 
particle size of 5 urn or less to adjust the rhenium content. The niobium powder added here may be obtained, for 
example, by a method of pulverizing a sodium reduction product of potassium fluoroniobate, a method of pulverizing 

30 and dehydrogenating a hydride of niobium ingot, a method of reducing a niobium oxide using at least one member of 
hydrogen, carbon, magnesium and aluminum, or a method of hydrogen-reducing a niobium halide. In order to further 
improve the leakage current value of the thus-obtained rhenium-containing niobium powder, a part of the rhenium- 
containing niobium powder may be surface-treated by nitridation, boronization, carbonization or sulf idation. Any of the 
rhenium-containing niobium nitride, rhenium-containing niobium boride, rhenium-containing niobium carbide and rhe- 

35 nium-containing niobium sulfide, obtained by the surface-treatment using nitridation, boronization, carbonization or 
sulfidation, may be contained or two, three or four thereof may also be contained in combination. 
[0100] The amount bonded thereof, that is, the total content of nitrogen, boron, carbon and sulfur varies depending 
on the shape of the rhenium-containing niobium powder, however, in the case of powder having a mean particle size, 
of approximately from-0.05 to 5 u,m, the total content is more than 0 ppm and not more than 200,000 ppm, preferably 

40 from 50 to 1 00,000 ppm, particularly preferably from 200 to 20,000 ppm. If the total content exceeds 200,000 ppm, the 
capacitance properties are deteriorated and the fabricated product is not suitable as a capacitor. 
[0101] The nitridation of the rhenium-containing niobium powder can be performed by any one of liquid nitridation, 
ion nitridation and gas nitridation or by a combination thereof. Among these, gas nitridation in a nitrogen gas atmosphere 
is preferred because the apparatus therefor is simple and the operation is easy. For example, the gas nitridation in a 

45 nitrogen gas atmosphere can be attained by allowing the' above-described rhenium-containing niobium powder to 
stand in a nitrogen gas atmosphere. With an atmosphere temperature of 2,000°C or less and a standing time of one 
hundred hours or less, a rhenium-containing niobium powder having an objective nitrided amount can be obtained. 
The treatment time can be shortened by performing this treatment at a higher temperature. 
[0102] The boronization of the rhenium-containing niobium powder may be either gas boronization or solid-phase 

so boronization. For example, the rhenium-containing niobium powder may be boronized by allowing a boron-containing 
niobium powder to stand together with a boron source such as boron pellet or boron halide (e.g., trifluoroboron), at 
2,000°C or less for one minute to one hundred hours under reduced pressure. 

[0103] The carbonization of the rhenium-containing niobium powder may be any one of gas carbonization, solid- 
phase carbonization and liquid carbonization. For example, the rhenium-containing niobium powder may be carbonized 
55 by allowing it to stand together with a carbon source such as a carbon material or an organic material having carbon 
(e.g., methane), at 2,000°C or less for one minute to one hundred hours under reduced pressure. 
[0104] The sulfidation of the rhenium-containing niobium powder may be any one of gas sulfidation, ion sulfidation 
and solid-phase sulfidation. For example, the gas sulfidation in a sulfur gas atmosphere can be attained by allowing 
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the rhenium-containing niobium powder to stand in a sulfur atmosphere. With an atmosphere temperature of 2,000°C 
or less and a standing time of one hundred hours or less, a rhenium-containing niobium powder having an objective 
sulfudized amount can be obtained. The treatment time can be shortened by performing the treatment at a higher 
temperature. 

5 [0105] The rhenium-containing niobium powder for capacitors of the present invention may be used after granulating 
the rhenium-containing niobium powder into an appropriate shape or may be used by mixing an appropriate amount 
of non-granulated niobium powder after the above-described granulation. 

[0106] Examples of the granulation method include a method where non-granulated rhenium-containing niobium 
powder is allowed to stand in a high vacuum and heated to an appropriate temperature and then the mixture is cracked, 
to and a method where non-granulated or granulated rhenium-containing niobium powder is mixed with an appropriate 
binder such as camphor, polyacrylic acid, polymethyl acrylic acid ester or polyvinyl alcohol, and a solvent such as 
acetone, alcohols, acetic acid esters or water, and then the mixture is cracked. 

[01 07] The rhenium-containing niobium powder granulated as such is improved in the press-molding property at the 
production of a sintered body. The mean particle size of the granulated powder is preferably from 1 0 to 500 urn. If the 

15 mean particle size of the granulated powder is less than 1 0 urn, partial blocking takes place and the fluidity into a metal 
mold deteriorates, whereas if it exceeds 500 u.m, the molded article after the press-molding is readily broken at the 
corner parts. The mean particle size of the granulated powder is more preferably from 30 to 250 urn because a cathode 
agent can be easily impregnated at the manufacture of a capacitor after sintering the press-molded article. 
[0108] The rhenium-containing niobium sintered body for capacitors of the present invention is produced by sintering 

20 the above-described rhenium-containing niobium powder or granulated rhenium-containing niobium powder. The pro- 
duction method for the sintered body is not particularly limited, however, the sintered body may be obtained, for ex- 
ample, by press-molding the rhenium-containing niobium powder into a predetermined shape and then heating it at 
500 to 2,000°C, preferably from 900 to 1 ,500°C, more preferably from 900 to 1 , 300°C, for one minute for one hundred 
hours under a pressure of 10" 5 to 10 2 Pa (pascal). 

25 

(4) The Fourth Invention (Niobium Powder and Sintered Body) 

[0109] In the fourth group of the present invention, a niobium powder comprising at least one element selected from 
the group consisting of rubidium, cesium, magnesium, strontium, barium, scandium, yttrium, lanthanum, praseodym- 
30 ium, samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium, hafnium, 
vanadium, osmium, iridium, platinum, gold, cadmium, mercury, lead, selenium and tellurium can used as a starting 
material of the niobium powder capable of satisfying the capacitor properties. 

[0110] The rubidium, cesium, magnesium, strontium, barium, scandium, yttrium, lanthanum, praseodymium, samar- 
ium, europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium, hafnium, vanadium, 

35 osmium, iridium, platinum, gold, cadmium, mercury, lead, sulfur, selenium and tellurium are elements capable of forming 
an alloy .with niobium. In particular, a niobium powder comprising at least one element selected from the group con- 
sisting of lanthanum, yttrium, erbium, ytterbium and lutetium is preferred, and a niobium powder comprising at least 
one element selected from the group consisting of lanthanum and yttrium is more preferred. 
[011 1] In one embodiment, the niobium powder is, for example, a lanthanum-containing niobium powder comprising 

40 at least one element of rubidium, cesium, magnesium, strontium, barium, scandium, yttrium, praseodymium, samarium, 
europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium, hafnium, vanadium, os- 
mium, iridium, platinum, gold, cadmium, mercury, lead, sulfur, selenium and tellurium. In the present invention, the total 
content of these elements in the niobium powder is 10 mol% or less, preferably from 0.01 to 10 mol%, more preferably 
from 0.1 to 7 mol%. 

45 [0112] If the total content of the element is less than 0.01 mol%, oxygen in the dielectric film formed by the electrolytic 
oxidation which is described later cannot be inhibited from diffusing toward the niobium metal side, as a result, the 
stability of the electrolytic oxide film (the dielectric film) cannot be maintained and the effect of reducing LC can be 
hardly obtained. On the other hand, if the total content of the element exceeds 1 0 mol%, the content of the niobium 
itself in the niobium powder is reduced, as a result, the capacitance as a capacitor decreases. 

50 [0113] Accordingly, the total content of at least one element selected from the group consisting of rubidium, cesium, 
magnesium, strontium, barium, scandium, yttrium, lanthanum, praseodymium, samarium, europium, gadolinium, ter- 
bium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium, hafnium, vanadium, osmium, iridium, platinum, gold, 
cadmium, mercury, lead, sulfur, selenium and tellurium is preferably from 0.01 to 10 mol%. 

[0114] In order to more reduce the leakage current, the content of the element in the niobium powder is preferably 
55 7 mol% or less, more preferably from 0.1 to 7 mol%. 

[0115] In order to increase the specific surface area of powder, the niobium powder of the present invention preferably 
has a mean particle size of 5 urn or less, more preferably 4 um or less. Also, the mean particle size of the niobium 
powder is preferably from 0.05 to 4 u.m. The reasons therefor are described above with regard to the niobium powder 
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of the first group. 

[0116] In the present invention, the starting material niobium used for manufacturing a sintered body is a niobium 
powder comprising at least one element selected from the group consisting of rubidium, cesium, magnesium, strontium, 
barium, scandium, yttrium, lanthanum, praseodymium, samarium, europium, gadolinium, terbium, dysprosium, hol- 
mium, erbium, thulium, ytterbium, lutetium, hafnium, vanadium, osmium, iridium,, platinum, gold, cadmium, mercury, 
lead, selenium and tellurium, whereby a capacitor satisfying both of the above-described properties or a niobium sin- 
tered body capable of ensuring those capacitor properties can be provided. 

[0117] The mean particle size (D 50 , urn) and the specific surface area (S, m 2 /g) of a lanthanum-containing niobium 
powder manufactured as one example by the present inventors (all produced by a pulverization method) are shown 
in Table 4 below. 



TABLE 4 



Mean Particle Size (D 50 ) (urn) 


Specific Surface Area (S) (m 2 /g) 


5.1 


0.61 


1.9 


1.4 


0.9 


2.5 


0.5 


5.1 


0.2 


11.1 


0.1 


20.8 


0.05 


38.7 



[0118] The mean particle size (D 50 ; u.m) shown in Table 4 is a value measured using a particle size distribution 
measuring apparatus ("Microtrac", trade name, manufactured by Microtrac Company) (the D 50 value indicates a particle 
size when the cumulative % by mass corresponds to 50% by mass). The specific surface area is a value measured 
by the BET method. 

[0119] If the mean particle size of the niobium powder comprising at least one element selected from the group 
consisting of rubidium, cesium, magnesium, strontium, barium, scandium, yttrium, lanthanum, praseodymium, samar- 
ium, europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium, hafnium, vanadium, 
osmium, iridium, platinum, gold, cadmium, mercury, lead, selenium and tellurium exceeds 5 urn, a capacitor having a 
large capacitance cannot be obtained, whereas if the mean particle size is less than 0.05 urn, the pore size becomes 
small and closed pores increase when a sintered body is produced from the powder, therefore, a cathode material 
which is described later cannot be easily impregnated, as a result, the niobium powder cannot provide a capacitor 
having a large capacitance and the sintered body thereof is not suitable for use in a capacitor. 
[0120] From these reasons, the niobium powder for use in the present invention preferably has a mean particle size 
of 0.05 to 5 u.m, whereby a large-capacitance capacitor can be obtained. 

[0121] The niobium powder of the present invention is preferably a powder having a BET specific surface area of at 
least 0.5 m 2 /g, more preferably at least 1 m 2 /g, and still more preferably at least 2 m z /g. Also, the niobium powder of 
the present invention preferably has a BET specific surface area of 0.5 to 40 m 2 /g, more preferably from 1 to 20 m 2 / 
g, and particularly preferably from 1 to 10 m 2 /g. 

[0122] With respect to the dielectric constant (e), niobium is known to have a dielectric constant as large as about 
two times the dielectric constant of tantalum, however, whether rubidium, cesium, magnesium, strontium, barium, scan- 
dium, yttrium, lanthanum, praseodymium, samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium, 
thulium, ytterbium, lutetium, hafnium, vanadium, osmium, iridium, platinum, gold, cadmium, mercury, lead, selenium 
and tellurium are a valve metal having capacitor properties is not known. Accordingly, even when at least one element 
selected from the group consisting of rubidium, cesium, magnesium, strontium, barium, scandium, yttrium, lanthanum, 
praseodymium, samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium, 
hafnium, vanadium, osmium, iridium, platinum, gold, cadmium, mercury, lead, sulfur, selenium and tellurium is incor- 
porated into niobium, it is not known whether e of the niobium powder containing the element increases. 
[0123] According to the investigations by the present inventors, even when the niobium powder is reduced in the 
mean particle size and a sintered body having a high capacitance is manufactured therefrom, the LC value is not 
peculiarly increased insofar as at least one element of rubidium, cesium, magnesium, strontium, barium, scandium, 
yttrium, lanthanum, praseodymium, samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, 
ytterbium, lutetium, hafnium, vanadium, osmium, iridium, platinum, gold, cadmium, mercury, lead, selenium and tellu- 
rium is contained. 

[0124] The reasons for this result are presumed as follows. Niobium has a high bonding strength to an oxygen 
element as compared with tantalum and therefore, oxygen in the electrolytic oxide film (dielectric material film) is liable 
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to diffuse toward the internal niobium metal side, however, in the sintered body of the present invention, a part of 
niobium is bonded to at least one element of rubidium, cesium, magnesium, strontium, barium, scandium, yttrium, 
lanthanum, praseodymium, samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbi- 
um, lutetium, hafnium, vanadium, osmium, iridium, platinum, gold, cadmium, mercury, lead, selenium and tellurium 
5 and therefore, oxygen in the electrolytic oxide film is not easily bonded to the internal niobium metal and inhibited from 
diffusing toward the metal side, as a result, the stability of the electrolytic oxide film can be maintained and an effect 
of reducing the LC value and the dispersion thereof even in the case of a capacitor having a fine particle size and a 
high capacitance can be attained. 

[0125] The present invention is described below mainly using lanthanum as an example, however, the present in- 
to vention is not limited thereto and the following contents are applied also to the cases using rubidium, cesium, magne- 
sium, strontium, barium, scandium, yttrium, lanthanum, praseodymium, samarium, europium, gadolinium, terbium, 
dysprosium, holmium, erbium, thulium, ytterbium, lutetium, hafnium, vanadium, osmium, iridium, platinum, gold, cad- 
mium, mercury, lead, selenium and tellurium. 

[0126] The lanthanum-containing niobium power for use in the manufacture of a sintered body preferably has a mean 

is particle size of 0.05 to 4 u.m as described above. 

[0127] The lanthanum-containing niobium powder having such a mean particle size can be obtained, for example, 
by a method of pulverizing and dehydrogenating a hydride of niobium-lanthanum alloy ingot, pellet or powder. The 
lanthanum-containing niobium powder can also be obtained by a method of mixing lanthanum powder or a hydride, 
oxide, sulfide, sulfate, halide salt, nitrate, organic acid salt or complex salt of lanthanum with a niobium powderformed 

20 by pulverizing and dehydrogenating a hydride of niobium ingot, pellet or powder, by pulverizing a sodium reduction 
product of potassium fluororiiobate or by pulverizing a reduction product of niobium oxide reduced using at least one 
member of hydrogen, carbon, magnesium, aluminum and the like; or by a method of magnesium-reducing a mixture 
of niobium oxide and lanthanum oxide. 

[0128] The niobium powder containing lanthanum, hafnium and iridium can be obtained, for example, by a method 

25 of pulverizing and dehydrogenating a hydride of niobium-lanthanum-hafnium-iridium alloy ingot, pellet or powder. This 
niobium powder can also be obtained by a method of mixing lanthanum powder, hafnium powder and iridium powder, 
or hydrides, oxides, sulfides, sulfates, halide salts, nitrates or organic acid salts of lanthanum, hafnium and iridium with 
a niobium powderformed by pulverizing and dehydrogenating a hydride of niobium ingot, pellet or powder, by pulver- 
izing a sodium reduction product of potassium fluoroniobate or by pulverizing a reduction product of niobium oxide 

30 reduced using at least one member of hydrogen, carbon, magnesium, aluminum and the like; or by a method of mag- 
nesium-reducing a mixture of niobium oxide, lanthanum oxide, hafnium oxide and iridium oxide. 
[0129] For example, in the case of obtaining the lanthanum-containing niobium powder by pulverizing and dehydro- 
genating a hydride of a niobium-lanthanum alloy ingot, a lanthanum-containing niobium powder having a desired mean 
particle size can be obtained by controlling the amount of the niobium-lanthanum alloy hydrogenated, the pulverization 

35 time, the grinding machine or the like. 

[0130] In the niobium ingot usually used as a starting material of the thus-obtained lanthanum-containing niobium 
powder, the contents of tantalum and metal element other than the elements described above (namely, rubidium, 
cesium, magnesium, strontium, barium, scandium, yttrium, lanthanum, praseodymium, samarium, europium, gadolin- 
ium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium, hafnium, vanadium, osmium, iridium, plati- 

40 num, gold, cadmium, mercury, lead, selenium and tellurium) each is 1 ,000 ppm or less and the oxygen content is from 
3,000 to 60,000 ppm. 

[0131] These contents show the same values also in the niobium powder containing the element described above 
(namely, at least one element selected from the group consisting of rubidium, cesium, magnesium, strontium, barium, 
scandium, yttrium, lanthanum, praseodymium, samarium, europium, gadolinium, terbium, dysprosium, holmium, er- 
45 bium, thulium, ytterbium, lutetium, hafnium, vanadium, osmium, iridium, platinum, gold, cadmium, mercury, lead, se- 
lenium and tellurium). 

[01 32] The thus-obtained lanthanum-containing niobium powder may be mixed with a niobium powder having a mean 
particle size of 5 urn or less to adjust the lanthanum content. The niobium powder added here may be obtained, for 
example, by a method of pulverizing a sodium reduction product of potassium fluoroniobate, a method of pulverizing 

so and dehydrogenating a hydride of niobium ingot, a method of reducing a niobium oxide using at least one member of 
hydrogen, carbon, magnesium and aluminum, or a method of hydrogen-reducing a niobium halide. 
[0133] The lanthanum-containing niobium powder for capacitors of the present invention may be used after granu- 
lating the lanthanum-containing niobium powder into an appropriate shape or may be used by mixing an appropriate 
amount of non-granulated niobium powder after the above-described granulation. 

55 [0134] Examples of the granulation method include a method where non-granulated lanthanum-containing niobium 
powder is allowed to stand under highly reduced pressure, heated to an appropriate temperature and then the mixture 
is cracked, a method where non-granulated or granulated lanthanum-containing niobium powder is mixed with an 
appropriate binder such as camphor, polyacrylic acid, polymethyl acrylic acid ester or polyvinyl alcohol, and a solvent 
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such as acetone, alcohols, acetic acid esters or water, and then the mixture is cracked, a method where non-granulated 
or granulated lanthanum-containing niobium powder is mixed with an appropriate binder such as camphor, polyacryJic 
acid, polymethyl acrylic acid ester or polyvinyl alcohol, and a solvent such as acetone, alcohols, acetic acid esters or 
water, the mixture is sintered under highly reduced pressure to vaporize and thereby remove the added binder and 

5 solvent through evaporation, sublimation or thermal decomposition and the sintered lanthanum-containing niobium- 
lump is cracked, and a method where non-granulated or granulated lanthanum-containing niobium powder is mixed 
with barium oxide, magnesium oxide or the like and a solvent such as acetone, alcohols, acetic acid esters or water, 
the mixture is sintered under highly reduced pressure, and the sintered lump is cracked and then dissolved in a solution 
of acid such as nitric acid or hydrochloric acid or in a solution containing a chelating agent. 

10 [0135] The lanthanum-containing niobium powder granulated as such is improved in the press-molding property at 
the production of a sintered body. The mean particle size of the granulated powder is preferably from 1 0 to 500 urn If 
the mean particle size of the granulated powder is less than 10 u.m, partial blocking takes place and the fluidity into a 
metal mold deteriorates, whereas if it exceeds 500 u.m, the molded article after the press-molding is readily broken at 
the corner parts. The meanparticle size of the granulated powder is more preferably from 30 to 250 u.m because a 

15 cathode agent can be easily impregnated at the manufacture of a capacitor after sintering the press-molded article. 
[0136] The lanthanum-containing niobium sintered body for capacitors of the present invention is produced by sin- 
tering the above-described lanthanum-containing niobium powder or granulated lanthanum-containing niobium pow- 
der. The production method for the sintered body is not particularly limited, however, the sintered body may be obtained, 
for example, by press-molding the lanthanum-containing niobium powder into a predetermined shape and then heating 

20 it at 500 to 2,000°C, preferably from 900 to 1 ,500°C, more preferably from 900 to 1 ,300°C, for one minute to ten hours 
under a pressure of 10" 5 to 10 2 Pa (pascal). 

[0137] In orderto more improve the leakage current value of the thus-obtained lanthanum-containing niobium pow- 
der, granulated powder or sintered body, a part of the lanthanum-containing niobium powder, granulated powder or 
sintered body may be subjected to nitridation, boronization, carbonization, sulfidation or a plurality of these treatments. 
25 [0138] Any of the obtained lanthanum-containing niobium nitride, lanthanum-containing niobium boride, lanthanum- 
containing niobium carbide and lanthanum-containing niobium sulfide may be contained or two or more thereof may 
also be contained in combination. 

[0139] The amount bonded thereof, that is, the total content of nitrogen, boron, carbon and sulfur varies depending 
on the shape of the lanthanum-containing niobium powder, however, the total content is more than 0 ppm and not more 

30 than 200,000 ppm, preferably 50 to 1 00,000 ppm, more preferably from 200 to 20,000 ppm. If the total content exceeds 
200,000 ppm, the capacitance properties are deteriorated and the fabricated product is not suitable as a capacitor. 
[0140] The nitridation of the lanthanum-containing niobium powder, granulated powder or sintered body can be per- 
formed by any one of liquid nitridation, ion nitridation and gas nitridation or by a combination thereof. Among these, 
gas nitridation in a nitrogen gas atmosphere is preferred because the apparatus therefor is simple and the operation 

35 is easy. For example, the gas nitridation in a nitrogen gas atmosphere can be attained by allowing the above-described 
lanthanum-containing niobium powder, granulated powder or sintered body to stand in a nitrogen gas atmosphere. 
With an atmosphere temperature of 2,000°C or less and a standing time of 100 hours or less, a lanthanum-containing 
niobium powder, granulated powder or sintered body having an objective nitrided amount can be obtained. The treat- 
ment time can be shortened by performing this treatment at a higher temperature. 

40 [0141] The boronization of the lanthanum-containing niobium powder, granulated powder or sintered body may be 
either gas boronization or solid-phase boronization. For example, the lanthanum-containing niobium powder, granu- 
lated powder or sintered body may be boronized by allowing it to stand together with a boron source such as boron 
pellet or boron halide (e.g., trifluoroboron), at 2,000°C or less for approximately from 1 minute to 100 hours under 
reduced pressure. 

45 [0142] The carbonization of the lanthanum-containing niobium powder, granulated powder or sintered body may be 
any one of gas carbonization, solid-phase carbonization and liquid carbonization. For example, the lanthanum-con- 
taining niobium powder, granulated powder or sintered body may be carbonized by allowing it to stand together with 
a carbon material or a carbon source such as an organic material having carbon (e.g., methane), at 2,000°C or less 
under reduced pressure for approximately from 1 minute to 1 00 hours. 

50 [0143] The sulfidation of the lanthanum-containing niobium powder, granulated powder or sintered body may be any 
one of gas sulfidation, ion sulfidation and solid-phase sulfidation. For example, the gas sulfidation in a sulfur gas 
atmosphere can be attained by allowing the lanthanum-containing niobium powder, granulated powder or sintered 
body to stand in a sulfur atmosphere. With an atmosphere temperature of 2, 000°C or less and a standing time of 1 00 
hours or less, a niobium powder, granulated powder or sintered body having an objective sulfudized amount can be 

55 obtained. The treatment time can be shortened by performing the treatment at a higher temperature. 
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(5) Capacitor Device 

[01 44] The manufacture of a capacitor device is described below. 

[0145] For example, a lead wire comprising a valve-acting metal such as niobium or tantalum and having appropriate 
5 shape and length is prepared and this lead wire is integrally molded at the press-molding of the niobium powder such 
that a part of the lead wire is inserted into the inside of the molded article, whereby the lead wire is designed to work 
out to a leading line of the sintered body. 

[0146] Using this sintered body as one of the electrodes, a capacitor can be manufactured by interposing a dielectric 
material between thisone of the electrodes and the other electrode (counter electrode). The dielectric material used 

10 here for the capacitor is preferably a dielectric material mainly comprising niobium oxide. The dielectric material mainly 
comprising niobium oxide can be obtained, for example, by chemically forming the lanthanum-containing niobium sin- 
tered body as one part electrode in an electrolytic solution. For chemically forming the lanthanum-containing niobium 
electrode in an electrolytic solution, an aqueous protonic acid solution is generally used, such as aqueous 0.1% phos- 
phoric acid solution or aqueous sulfuric acid solution, or 1 % acetic acid solution or aqueous adipic acid solution. In the 

15 case of chemically forming the lanthanum-containing niobium electrode in an electrolytic solution to obtain a niobium 
oxide dielectric material, the capacitor of the present invention is an electrolytic capacitor and the lanthanum-containing 
niobium electrode serves as an anode. 

[0147] In the capacitor of the present invention, the other electrode (counter electrode) to the niobium sintered body 
is not particularly limited and, for example, at least one material (compound) selected from electrolytic solutions, organic 
20 semiconductors and inorganic semiconductors known in the art of aluminum electrolytic capacitor, may be used. 
[0148] Specific examples of the electrolytic solution include a dimethylformamide-ethylene glycol mixed solution 
having dissolved therein 5% by mass of an isobutyltripropylammonium borotetrafluoride electrolyte, and a propylene 
carbonate-ethylene glycol mixed solution having dissolved therein 7% by mass of tetraethylammonium borotetrafluo- 
ride. 

25 [0149] Specific examples of the organic semiconductor include an organic semiconductor comprising a benzenepyr- 
roline tetramer and chloranile, an organic semiconductor mainly comprising tetrathiotetracene, an organic semicon- 
ductor mainly comprising tetracyanoquinodimethane, and an electrically conducting polymer comprising a repeating 
unit represented by formula (1) or (2): 



35 




40 

(1) (2) 

wherein R 1 to R 4 each independently represents a monovalent group selected from the group consisting of a hydrogen 
45 atom, a linear or branched, saturated or unsaturated alkyl, alkoxy or alkylester group having from 1 to 10 carbon atoms, 
a halogen atom, a nitro group, a cyano group, a primary, secondary or tertiary amino group, a CF 3 group, a phenyl 
group and a substituted phenyl group; each of the pairs R 1 and R 2 , and R 3 and R 4 may combine at an arbitrary position 
to form a divalent chain for forming at least one 3-, 4-, 5-, 6- or 7-membered saturated or unsaturated hydrocarbon 
cyclic structure together with the carbon atoms substituted by R 1 and R 2 or by R 3 and R 4 ; the cyclic bond chain may 
50 contain a bond of carbonyl, ether, ester, amide, sulfide, sulfinyl, sulfonyl and imino at an arbitrary position; X represents 
an oxygen atom, a sulfur atom or a nitrogen atom; R 5 is present only when X is a nitrogen atom and independently 
represents hydrogen or a linear or branched, saturated or unsaturated alkyl group having from 1 to 1 0 carbon atoms. 
[0150] In the present invention, R 1 to R 4 of formula (1) or (2) each independently preferably represents a hydrogen 
atom, a linear or branched, saturated or unsaturated alkyl or alkoxy group having from 1 to 6 carbon atoms, and each 
55 of the pairs R 1 and R 2 , and R 3 and R 4 may combine with each other to form a ring. 

[0151] In the present invention, the electrically conducting polymer comprising a repeating unit represented by for- 
mula (1 ) above is preferably an electrically conducting polymer comprising a structure unit represented by the following 
formula (3) as a repeating unit: 
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(3) 



wherein R 6 and R 7 each independently represents a hydrogen atom, a linear or branched, saturated or unsaturated 
10 alkyl group having from 1 to 6 carbon atoms, or a substituent for forming at least one 5-, 6- or 7-membered saturated 
hydrocarbon cyclic structure containing two oxygen atoms resulting from the alkyl groups combining with each other 
at an arbitrary position; and the cyclic structure includes a structure having a vinylene bond which may be substituted, 
and a phenylene structure which may be substituted. 

[01 52] The electrically conducting polymer containing'such a chemical structure is electrically charged and a dopant 
15 is doped thereto. For the dopant, known dopants can be used without limitation. 

[0153] Specific examples of the inorganic semiconductor include an inorganic semiconductor mainly comprising lead 
dioxide or manganese dioxide, and an inorganic semiconductor comprising triiron tetraoxide. These semiconductors 
may be used individually or in combination of two or more thereof. 

[0154] Examples of the polymer containing a repeating unit represented by formula (1) or (2) include polyaniline, 
20 polyoxyphenylene, polyphenylene sulfide, polythiophene, polyfuran, polypyrrole, polymethylpyrrole, and substitution 
derivatives and copolymers thereof. Among these, preferred, are polypyrrole, polythiophene and substitution deriva- 
tives thereof (e.g., poly(3,4-ethylenedioxythiophene)). 

[0155] When the organic or inorganic semiconductor used has an electrical conductivity of 10" 2 to 10 3 S-crrr 1 , the 
fabricated capacitor can have a smaller impedance value and can be more increased in the capacitance at a high 
25 frequency. 

[0156] The electrically conducting polymer layer is produced, for example, by a method of polymerizing a polymer- 
izable compound comprising aniline, thiophene, furan, pyrrole, methylpyrrole or a substitution derivative thereof under 
the action of an oxidizing agent capable of undergoing a satisfactory oxidation reaction of dehydrogenating double 
oxidation. Examples of the polymerization reaction from the polymerizable compound (monomer) include vapor phase 
30 polymerization and solution polymerization. The electrically conducting polymer layer is formed on the surface of the 
niobium sintered body having thereon a dielectric material. In the case where the electrically conducting polymer is an 
organic solvent-soluble polymer capable of solution coating, a method of coating the polymer on the surface of the 
sintered body to form an electrically conducting polymer layer is used. 

[0157] One preferred example of the production method using the solution polymerization is a method of dipping the 
35 niobium sintered body having formed thereon a dielectric layer in a solution containing an oxidizing agent (Solution 1) 
and subsequently dipping the sintered body in a solution containing a monomer and a dopant (Solution 2) to form an 
electrically conducting polymer on the surface of the sintered body. Also, the sintered body may be dipped in Solution 
1 after it is dipped in Solution 2. Solution 2 used in the above-described method may be a monomer solution not 
containing a dopant. In the case of using a dopant, a solution containing an oxidizing agent may be allowed to be 
40 present together on use of the dopant. 

[0158] Such an operation in the polymerization step is repeated once or more, preferably from 3 to 20 times, perthe 
niobium sintered body having thereon a dielectric material, whereby a dense and stratified electrically conducting pol- 
ymer layer can be easily formed. 

[0159] In the production method of a capacitor according to the present invention, any oxidizing agent may be used 
45 insofar as it does not adversely affect the capacitor performance and the reductant of the oxidizing agent can work out 
to a dopant and elevate the electrically conductivity of the electrically conducting polymer. An industrially inexpensive 
compound facilitated in the handling at the production is preferred. 

[0160] Specific examples of the oxidizing agent include Fe(lll)-base compounds such as FeCI 3 , FeCI0 4 and Fe 
(organic acid anion) salt; anhydrous aluminum chloride/cupurous chloride; alkali metal persulfates, ammonium persul- 
50 fates; peroxides; manganeses such as potassium permanganate; quinones such as 2,3-dichloro-5,6-dicyano-1 ,4-ben- 
zoquinone (DDQ), tetrachloro-1 ,4-benzoquinone and tetracyano-1 ,4-benzoquinone; halogens such as iodine and bro- 
mine; peracid; sulfonic acid such as sulfuric acid, fuming sulfuric acid, sulfur trioxide, chlorosulfonic acid, fluorosulfonic 
acid and amidosulfuric acid; ozone, etc. and a mixture of a plurality of these oxidations. 

[0161] Examples of the fundamental compound of the organic acid anion forforming the above-described Fe (organic 
55 acid anion) salt include organic sulfonic acid, organic carboxyiic acid, organic phosphoric acid and organic boric acid, 
etc. Specific examples of the organic sulfonic acid include benzenesulfonic acid, p-toluenesulfonic acid, methanesul- 
fonic acid, ethanesulfonic acid, cc-sulfonaphthalene, p-sulfonaphthalene, naphthalenedisulfonic acid, alkylnaphthale- 
nesulfonic acid (examples of the alkyl group include butyl, triisopropyl and di-tert-butyl), etc. 
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[0162] Specific examples of the organic carboxylic acid include acetic acid, propionic acid, benzoic acid and oxalic 
acid. Furthermore, polymer electrolyte anions such as polyacrylic acid, polymethacrylic acid, polystyrenesulfonic acid, 
polyvinylsulfonic acid, poly-a-methylsulfonic acid polyvinylsulfate, polyethylenesulfonic acid and polyphosphoric acid 
may also be used in. the present invention. These organic sulfuric acids and organic carboxylic acids are mere examples 

5 and the present invention is not limited thereto. Examples of the counter cation to the above-described anion include 
alkali metal ions such as H+ Na+ and K+, and ammonium ions substituted by a hydrogen atom, a tetramethyl group, 
a tetraethyl group, a tetrabutyl group or a tetraphenyl group, however, the present invention is not limited thereto. 
Among these oxidizing agents, more preferred are trivalent Fe-base compounds and oxidizing agents comprising cu- 
prous chloride, an alkali persulfate, an ammonium persulfate, an acid or a quinone. 

10 [0163] For the anion having a dopant ability which is allowed to be present together, if desired, in the production of 
a polymer composition for the electrically conducting polymer (anion other than the reductant anion of the oxidizing 
agent), an electrolyte anion having as a counter anion an oxidizing agent anion (a reductant of oxidizing agent) produced 
from the above-described oxidizing agent, or other electrolyte anion may, be used. Specific examples thereof include 
protonic acid anions including halide anion of Group 5B elements, such as PF 6 - , SbF 6 - and AsF 6 - ; halide anion of 

15 Group 3B elements, such as BF 4 -; halogen anion such as |-(l 3 -), Br and CI - ; perhalogenate anion such as CI0 4 ; Lewis 
acid anion such as AICI 4 , FeCI 4 and SnCI 5 -; inorganic acid anion such as N0 3 - and S0 4 2 "; sulfonate anion such as 
p-toluenesulfonic acid, naphthalenesulfonic acid, and alkyl-substituted naphthalenesulfonic acid having from 1 to 5 
carbon atoms (hereinafter simply referred to as "C1-5"); organic sulfonate anion such as CF 3 S0 3 " and CH 3 S0 3 -; and 
carboxylate anion such as CH 3 COO" and C 6 H 5 COO\ 

20 [0164] Similarly to the above, polymer electrolyte anions such as polyacrylic acid, polymethacrylic acid, polysty- 
renesulfonic acid, polyvinylsulfonic acid, polyvinylsulfonic acid, poly-a-methylsulfonic acid, polyethylenesulfonic acid 
and polyphosphoric acid may also be used, however, the present invention is not limited thereto. The anion is preferably 
a polymer-type or oligomer-type organic sulfonic acid compound anion or a polyphosphoric acid compound anion. For 
the anion-donating compound, an aromatic sulfonic acid compound (e.g., sodium dodecylbenzenesulfonate, sodium 

25 naphthalenesulfonate) is preferably used. 

[0165] Among the organic sulfonate anions, the more effective dopant are a sulfoquinone compound having one or 
more sulfo-anion group (-S0 3 ") within the molecule and a quinone structure, and an anthracene sulfonate anion. 
[0166] Examples of the fundamental skeleton for the sulfoquinone anion of the above-described sulfoquinone com- 
pound include p-benzoquinone, o-benzoquinone, 1 ,2-naphthoquinone, 1 ,4-naphthoquinone, 2,6-naphthoquinone, 

30 9,10-anthraquinone, 1 ,4-anthraquinone, 1 ,2-anthraquinone, 1,4-chrysenequinone, 5,6-chrysenequinone, 
6,12-chrysenequinone, acenaphthoquinone, acenaphthenequinone, camphorquinone, 2,3-bornanedione, 9,10-phen- 
anthrenequinone and 2,7-pyrenequinone. 

[0167] In the case where the other electrode (counter electrode) is solid, an electrical conducting layer may be pro- 
vided thereon so as to attain good electrical contact with an exterior leading line (for example, lead frame), if desired. 

35 [0168] The electrical conducting layer can be formed, for example, by the solidification of an electrically conducting 
paste, plating, metallization or formation of a heat-resistant electrically conducting resin film. Preferred examples of 
the electrically conducting paste include silver paste, copper paste, aluminum paste, carbon paste and nickel paste, 
and these may be used individually or in combination of two or more thereof. In the case of using two or more kinds 
of pastes, the pastes may be mixed or may be superposed one on another as separate layers. The electrically con- 

40 ducting paste applied is then solidified by allowing it to stand in air or under heating. Examples of the plating include 
nickel plating, copper plating, silver plating and aluminum plating. Examples of the vapor-deposited metal include 
aluminum, nickel, copper and silver. 

[01 69] More specifically, for example, carbon paste and silver paste are stacked in this order on the second electrode 
and these are molded with a material such as epoxy resin, thereby constructing a capacitor. This capacitor may have 
45 a niobium or tantalum lead which is sintered and molded integrally with the lanthanum-containing niobium sintered 
body or welded afterward. 

[01 70] The thus-constructed capacitor of the present invention is jacketed using, for example, resin mold, resin case, 
metallic jacket case, dipping of resin or laminate film, and then used as a capacitor product for various uses. 
[0171] In the case where the other electrode (counter electrode) is liquid, the capacitor constructed by the above- 
so described two electrodes and a dielectric material is housed, for example, in a can electrically connected to the another 
part electrode to form a capacitor. In this case, the electrode side of the lanthanum-containing niobium sintered body 
is guided outside through a niobium or tantalum lead described above and at the same time, insulated from the can 
using an insulating rubber or the like. 

[0172] By manufacturing a sintered body for capacitors using the niobium powder produced according to the em- 
55 bodiment of the present invention described in the foregoing pages and fabricating a capacitor from the sintered body, 
a capacitor having a good heat resistance, a small leakage current and good reliability can be obtained. 
[01 73] The capacitor of the present invention has a large electrostatic capacitance for the volume as compared with 
conventional tantalum capacitors and more compact capacitor products can be obtained. 
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[0174] The capacitor having these properties of the present invention can be applied to uses as a bypass or coupling 
capacitor in an analog or digital circuit, and as a large-capacitance smoothing capacitor used in the light source circuit 
and also to uses of conventional tantalum capacitor. 

[0175] In general, such a capacitor is used in an electronic circuit on great occasions and therefore, when the ca- 
5 pacitor of the present invention is used, the restriction in displacement of electronic parts or discharge of heat is relieved 
and a highly reliable electronic circuit can be housed in a narrower space than in conventional techniques. 
[0176] Furthermore, when the capacitor of the present invention is used, a highly reliable electronic instrument more 
compact than conventional ones, such as computer, computer peripheral equipment such as PC card, mobile equip- 
ment such as portable telephone, home appliances, equipment mounted on a car, artificial satellite and communication 
10 equipment, can be obtained. 

Best Mode for Carrying Out the Invention 

[0177] The present invention will now be explained more specifically with reference to the examples, but is not par- 
's ticularly limited to the following examples. 

[0178] The capacitance and the leakage current value of the sintered body of a niobium powder containing at least 
one element selected from the group consisting of chromium, molybdenum, tungsten boron, aluminum, gallium, indium 
thallium, cerium, neodymium, titanium, rhenium, ruthenium, rhodium, palladium, silver, zinc, silicon, germanium, tin, 
phosphorus, arsenic, bismuth, rubidium, cesium, magnesium, strontium, barium, scandium, yttrium, lanthanum, pra- 
20 seodymium, samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium, 
hafnium, vanadium, osmium, iridium, platinum, gold, cadmium, mercury, lead, sulfur, selenium and tellurium (hereinafter 
referred to as "niobium sintered body" or simply "sintered body") were measured by the following methods. 

Measurement of the capacitance of the sintered body: 

25 

[0179] The niobium sintered body immersed in a 30% sulfuric acid and a tantalum electrode in the sulfuric acid were 
connected by a measuring apparatus made by Hewlett Packard Co, Ltd, underthetrademark of "Precision LCR meter 
HP4284A" to measure the capacitance at room temperature. The capacitance (unit: u.F-V7g) at 120 Hz was regarded 
as the capacitance of the sintered body. 

30 

Measurement of the leakage current of the sintered body: 

[0180] A voltage that was 70% of the forming voltage (direct current) applied to form the dielectric was continuously 
applied for 3 minutes between the sintered body immersed in a 20% aqueous solution of phosphoric acid and an 
35 electrode in the aqueous solution of phosphoric acid at room temperature. The current value measured was regarded 
as the leakage current value (i.e., LC value with a unit of nA/g) of the sintered body. In the present invention, a voltage 
of 14 V was applied. 

[0181] The capacitance and the leakage current value of the chip capacitor processed in the Examples were meas- 
ured as follows. 

40 

Measurement of the capacitance of the capacitor: 

[0182] The LCR measuring apparatus made by Hewlett Packard Co, Ltd. was connected between the two terminals 
of the produced chip capacitor to measure the capacitance at room temperature. The capacitance at 120 Hz was 
45 regarded as the capacitance of the chip capacitor. 

Measurement of the leakage current of the capacitor: 

[0183] A direct current voltage was selected from the rated voltages of 2.5 V, 4 V, 6.3 V, 1 0 V, 1 6 V, and 25 V so that 
so the selected voltage might be the closest to about 1/3 to about 1/4 of the forming voltage applied to prepare a dielectric, 
and continuously applied between the two terminals of the chip capacitor for one minute at room temperature. The 
current value measured one minute later was regarded as the leakage current value of the chip capacitor. In the present 
invention, a voltage of 6.3 V was applied. 

55 Example 1 

[0184] 92 g of a niobium ingot and 1 .8 g of a tungsten powder were subjected to arc fusion, whereby a tungsten- 
containing niobium ingot (alloy) containing 1 mol% of tungsten was prepared. 50 g of the ingot was put into a reaction 
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vessel made of stainless steel (SUS304), and hydrogen was continuously introduced into the vessel at 400°C for 10 
hours. The hydrogenated tungsten-containing niobium in the form of a cake was cooled and pulverized with balls made 
of stainless steel (SUS) for 10 hours in a pot made of stainless steel (SUS304). 

[0185] The hydrogenated product prepared as a slurry in water in an amount of 20% by volume was placed in a wet 
5 pulverizer made of stainless steel (SUS304) (trademark "Atritor", made by Atlanta Corporation) together with zirconia 
balls and wet grinding was performed for 7 hours. The slurry was subjected to centrifugal sedimentation, and the 
pulverized particles were obtained by decantation. The pulverized particles were dried at 50°C under a vacuum of 1 33 
Pa. 

[0186] Subsequently, the hydrogenated tungsten-containing niobium powder was heated at 400°C for dehydrogen- 
10 ation under the application of a pressure of 1 .33 x 1 0" 2 Pa for one hour. The mean particle size of the obtained tungsten- 
containing niobium powder was 1 .0 urn, and the content of tungsten was found to be 1 mol% when measured by atomic 
absorption analysis. The tungsten-containing niobium powderthus obtained was granulated at 1 1 50°C under a vacuum 
of 3.99 x 10" 3 Pa, and thereafter, subjected to disintegration. Thus, a granulated powder with a mean particle size of 
150 u.m was obtained. 

15 [0187] The tungsten-containing niobium powderthus granulated' was integrally molded with a niobium lead wire with 
a diameter of 0.3 mm, whereby a molded article with a size of around 0.3 cm x 0.1 8 cm x 0.45cm, weighing about 0.1 
g, was produced. 

[0188] The molded article was allowed to stand at 1200°C under a vacuum of 3.99 x 10" 3 Pa for 30 minutes, thereby 
obtaining a sintered body. The obtained sintered body was subjected to forming in a 0.1% aqueous solution of phos- 
20 phoric acid at 80°C under the application of a voltage of 20 V for 200 minutes, so that a dielectric layer was deposited 
on the surface of the sintered body. Then, the capacitance of the sintered body in 30% sulfuric acid, and the leakage 
current of the sintered body (hereinafter referred to as "LC") in a 20% aqueous solution of phosphoric acid were'sep- 
arately measured. The results are shown in TABLE 5. 

25 Examples 2 to 9 

[01 89] In order to produce a niobium sintered body containing at least one of the above-mentioned transition elements 
of group 6 in the periodic table, that is, at least one element selected from the group consisting of chromium, molyb- 
denum, and tungsten, the transition element(s) of group 6 of the periodic table in the form of a powder and a niobium 
30 ingot were mixed in an arbitrary ratio. Thus, a niobium ingot containing the transition element of the group 6 of the 
periodic table was prepared by arc fusion. The niobium ingot, which weighed 50 g, was pulverized using the same 
apparatus as employed in Example 2 with the pulverizing time being changed. Using the prepared niobium powder 
containing the transition element of group 6 of the periodic table, a sintered body was produced. The capacitance and 
the LC of the sintered body were separately measured. TABLE 5 shows the results. 

35 

Comparative Examples 1 to 4 

[0190] A niobium powder containing no transition element of group 6 of the periodic table was prepared in the same 
manner as in Example 1 in order to compare the results of Examples 1 to 9. Using the niobium powder, a sintered 
40 body was produced by following the same procedures as in Example 1 , and the capacitance and the LC of the sintered 
body were measured. TABLE 5 shows the results. 



TABLE 5 





Composition (molar ratio) 


Mean Particle Size (urn) 


Capaci tance (u-F-V/g) 


LC (uA/g) 


Nb 


Cr 


Mo 


W 


Ex. 1 


99 






1 


1.0 


120000 


36 


Ex.2 


99 




1 




1.0 


118000 


42 


Ex.3 


99 


1 






1.0 


115000 


52 


Ex.4 


99 




0.5 


0.5 


1.0 


121000 


42 


Ex.5 


99 


0.2 




0.8 


1.0 


119000 


40 


Ex.6 


99 






1 


0.5 


240000 


132 


Ex. 7 


99 






1 


0.7 


169000 


97 


Ex.8 


99 






1 


1.3 


99000 


27 
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TABLE 5 (continued) 





Composition (molar ratio) 


Mean Particle Size (urn) 


Capaci tance (u.F-V/g) 


LC (jiA/g) 


Nb 


Cr 


Mo 


W 


Ex.9 


99 






1 


3.2 


31000 


3 


Comp. Ex. 1 


100 








0.5 


210000 


2210 


Comp. Ex. 2 


100 








0.7 


139000 


1570 


Comp. Ex. 3 


100 








1.0 


101000 


592 


Comp. Ex. 4 


100 








1.3 


85000 


389 



Examples 10 to 15 

[0191] The amounts of niobium and tungsten were varied before arc fusion in order to change the content of tungsten 
in the obtained tungsten-containing niobium. Thus, a niobium ingot containing tungsten in an amount of 0.01 to 10 
mol% was prepared. A sintered body was prepared from 50 g of the tungsten-containing niobium ingot having each 
concentration of tungsten in the same manner as in Example 1 . The capacitance and the LC were separately measured. 
TABLE 8 shows the results. 

Comparative Example 5 and Example 16 

[0192] A niobium ingot containing 0 mol% of tungsten, and a niobium ingot containing 15.5 mol% of tungsten were 
prepared to compare the results of Examples 10 to 15. A sintered body was prepared from 50 g of the tungsten- 
containing niobium ingot having each concentration of tungsten in the same manner as in Example 1 . The capacitance 
and the LC were separately measured. TABLE 6 shows the results. 



TABLE 6 





Content of Tungsten 
(mol%) 


Mean Particle Size (urn) 


Capacitance (ixF-V/g) 


LC (uA/g) 


Example 1 0 


0.02 


1.0 


111000 


79 


Example 1 1 


0.05 


1.0 


113000 


71 


Example 12 


0.5 


1.0 


121000 


39 


Example 13 


3.1 


1.0 


119000 


39 


Example 14 


6.2 


1.0 


117000 


63 


Example 15 


10.0 


1.0 


109000 


76 


Comparative Example 
5 


0.0 


1.0 


101000 


592 


Example 1 6 


15.5 


1.0 


67000 


89 



Examples 17 to 22 

[0193] 1 00 g of a niobium ingot was put into a reaction vessel made of stainless steel (SUS304), and hydrogen was 
continuously introduced into the vessel at 400°C for 10 hours. The hydrogenated niobium in the form of a cake was 
cooled and pulverized with balls made of stainless steel (SUS) for 10 hours' in a pot made of stainless steel (SUS304). 
The hydrogenated product was prepared as a slurry in water in an amount of 20% by volume and placed in a wet 
pulverizer made of stainless steel (SUS304) (trademark "Atritor") together with zirconia balls, and wet grinding was 
performed for 7 hours. The slurry was subjected to centrifugal sedimentation, and the pulverized particles were obtained 
by decantation . The pulverized particles were dried at 50°C under a vacuum of 1 33 Pa. Subsequently, the hydrogenated 
niobium powder was heated at 400°C for dehydrogenation under the application of a pressure of 1 .33 x 1 0" 2 Pa for 
one hour. The mean particle size of the obtained niobium powder was 1 .3 u.m. 

[0194] Any one of tungsten carbide, tungsten oxide, ortungsten metal, each having a mean particle size of about 1 
jim, was added to the niobium powder in an arbitrary mixing ratio. The tungsten-containing niobium powder thus ob- 
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tained was granulated at 1150"C under a vacuum of 3.99 x 10" 3 Pa, and thereafter, subjected to disintegration. Thus, 
a granulated powder with a mean particle size of 1 90 urn was obtained. The tungsten-containing niobium granulated 
powder was integrally molded with a niobium lead wire with a diameter of 0.3 mm, whereby a molded article with a 
size of around 0.3 cm x 0.1 8 cm x 0.45 cm, weighing about 0.1 g, was produced. 

5 [0195] The molded article was allowed to stand at 1 230°C under a vacuum of.3.99 x 1 0" 3 Pa for 30 minutes, thereby 
obtaining a sintered body. The obtained sintered body was subjected to forming in a 0.1% aqueous solution of phos- 
phoric acid at 80°C under the application of a voltage of 20 V for 200 minutes, so that a dielectric layer was deposited 
on the surface of the sintered body. Then, the capacitance of the sintered body in 30% sulfuric acid, and the LC of the 
sintered body in a 20% aqueous solution of phosphoric acid were separately measured. The results are shown in 

10 TABLE 7. 



TABLE 7 





Spieces of Tungsten 


Content of Tungsten (mol%) 


Capacitance (uP-V/g) 


LC (nA/g) 


Example 17 


WC 


0.2 


1 00000 


35 


Example 18 


WC 


1.0 


98000 


26 


Example 19 


W0 2 


0.5 


99000 


27 


Example 20 


W0 2 


2.2 


97000 


28 


Example 21 


W 


0.05 


101000 


40 


Example 22 


W 


0.7 


99000 


29 



Examples 23 to 27 

25 

[0196] To obtain a tungsten-containing niobium nitride, 10 g of the tungsten-containing niobium powder with a mean 
particle size of 0.9 urn, containing tungsten in an amount of 1 .2 mol%, prepared by the same method as in Example 
1 5, was put into a reaction vessel made of stainless steel (SUS304). With nitrogen introduced into the vessel at 300°C 
for 0.5 to 20 hours, a tungsten-containing niobium nitride was obtained. The amount of nitrogen in the niobium nitride 
30 was determined using an apparatus made by LECO Corporation for determining nitrogen content based on thermal 
conductivity. The ratio of the amount of nitrogen to the mass of the powder separately measured was defined as the 
nitride content. As a result, the nitride content was 0.02 to 0.89% by mass. 

[0197] The tungsten-containing niobium nitride thus obtained was subjected to the same steps of granulation, mold- 
ing, and sintering as in Example 1 , so that a sintered body was prepared. The obtained sintered body was subjected 
35 to forming in a 0.1% aqueous solution of phosphoric acid at 80°C under the application of a voltage of 20 V for 200 
minutes, so that a dielectric layer was deposited on the surface of the sintered 'body. Then, the capacitance of the 
sintered body in 30% sulfuric acid, and the LC of the sintered body in a 20% aqueous solution of phosphoric acid were 
separately measured. The results are shown in TABLE 8. 



TABLE 8 





Content of Tungsten (mol%) 


Amount of Nitrogen (% by 
mass) 


Capacitance (|iF-V/g) 


LC (uA/g) 


Example 23 


1.2 


0.02 


140000 


65 


Example 24 


1.2 


0.10 


136000 


58 


Example 25 


1.2 


0.28 


138000 


55 


Example 26 


1.2 


0.43 


141000 


63 


Example 27 


1.2 


0.89 


139000 


71 



Examples 28 to 30 

[0198] In orderto obtain a sintered body comprising a mixture of a tungsten-containing niobium powder and a niobium 
powder, a tungsten-containing niobium powder with a mean particle size of 1 .0 urn containing tungsten in an amount 
of 1 0 mol% was prepared by the same method as in Example 1 . Apart from this, sodium was added to 20 g of potassium 
fluoroniobate fully dried at 80°C under vacuum in a nickel crucible so that the amount of sodium was 10 times the 
molar amount of potassium fluoroniobate. Then, reduction was carried out at 1000°C in an atmosphere of argon for 
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20 hours. After completion of the reduction reaction, the reduced product was cooled, and successively washed with 
water, 95% sulfuric acid, and water, and thereafter dried under vacuum. 

[01 99] The resulting product was pulverized for 40 hours using a ball mill, that is, an alumina pot provided with silica- 
alumina balls. Then, the pulverized product was immersed in a liquid mixture of 50% nitric acid and a 10% aqueous 
5 solution of hydrogen peroxide in a ratio by mass of 3:2, with stirring. The pulverized product was thoroughly washed 
with water to remove impurities until the pH of the product reached 7, and dried under vacuum. The mean particle size 
of the obtained niobium powder was 1 .2 am. 

[0200] The tungsten-containing niobium powder and the niobium powder separately prepared by the above-men- 
tioned methods were sufficiently mixed in an arbitrary ratio, and the mixture was subjected to the same steps of gran- 
10 ulation, molding, and sintering as in Example 15, thereby obtaining a sintered body. The capacitance and the LC of 
the sintered body were separately measured. TABLE 9 shows the results. 

Examples 31 to 33 

15 [0201] In orderto obtain a sintered body of a tungsten-containing niobium nitride comprising a mixture of a tungsten- 
containing niobium powder and a niobium powder, a tungsten-containing niobium powder with a mean particle size of 
1 .0 urn containing tungsten in an amount of 10 mol% was prepared by the same method as in Example 15. Apart from 
this, 50 g of a niobium ingot was put into a reaction vessel made of stainless steel (SUS304), and hydrogen was 
continuously introduced into the vessel at 400°C for 12 hours. The hydrogenated niobium in the form of a cake was 

20 cooled and pulverized with iron balls for 10 hours in a pot made of stainless steel (SUS304). 

[0202] The pulverized product was put into the same reaction vessel made of stainless steel (SUS304) as mentioned 
above, and again hydrogenated under the same conditions as mentioned above. The hydrogenated product was pre- 
pared as a slurry in water in an amount of 20% by volume and placed in a wet pulverizer made of stainless steel 
(SUS304) (trademark "Atritor") together with zirconia balls and wet grinding was performed for 6 hours, 

25 [0203] The slurry was subjected to centrifugal sedimentation, and the pulverized particles were obtained by decan- 
tation. The pulverized particles were dried at 50°C under a vacuum of 133 Pa. Subsequently, the hydrogenated niobium 
powder was heated at 400°C for dehydrogenation under a pressure of 1 .33 x 1 D" 2 Pa for one hour. The mean particle 
size of the obtained niobium powder was 1 .3 urn. 

[0204] The tungsten-containing niobium powder and niobium powder thus obtained were sufficiently mixed in an 
30 arbitrary ratio, and a nitride was obtained in the same manner as in Example 25. The tungsten-containing niobium 
nitride was subjected to the steps of granulation, molding, and sintering, so that a sintered body was prepared. Then, 
the capacitance and the LC of the sintered body were separately measured. The results are shown in TABLE 9. 



TABLE 9 





Type of Niobium Powder 


Mixing Ratio (tungsten- 
containing niobium powder: 
niobium powder) 


Capacitance (uF-V/g) 


LC (uA/g) 


Example 28 


Reduced powder 


90:10 


110000 


73 


Example 29 


Reduced powder 


50:50 


117000 


55 


Example 30 


Reduced powder 


10:90 


119000 


38 


Example 31 


Pulverized powder 


80:20 


111000 


68 


Example 32 


Pulverized powder 


40:60 


118000 


52 


Example 33 


Pulverized powder 


20:80 


121009 


41 



Examples 34 and 35 



so [0205] In Example 34 and Example 35, 50 units of sintered bodies were prepared in the same manner as in Example 
1 and Example 1 1 respectively. A voltage of 20 V was applied to each sintered body for 200 minutes in a 0.1 % aqueous 
solution of phosphoric acid, whereby a dielectric oxide film was deposited on the surface of the sintered body by 
electrolytic forming. Then, the steps of immersing the dielectric-film-bearing sintered body in a 60% aqueous solution 
of manganese nitrate and heating at 220°C for 30 minutes were repeated, so that a manganese dioxide layer serving 

55 as the counter electrode layer was formed on the dielectric oxide film. Subsequently, a carbon layer and a silver paste 
layer were successively overlaid on the counter electrode layer. After mounting of a lead frame, the whole body was 
sealed with an epoxy resin to produce a chip capacitor. TABLE 10 shows the average capacitance and the average 
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LC value of the chip capacitors (n = 50 units for each). The LC value was a value obtained at room temperature under 
a voltage of 6.3 V for one minute. 

Examples 36 and 37 

5 

[0206] In Example 36 and Example 37, 50 units of sintered bodies were prepared in the same manner as in Example 
8 and Example 1 5 respectively. A voltage of 20 V was applied to each sintered body for 200 minutes in a 0.1% aqueous 
solution of phosphoric acid, whereby a dielectric oxide film was deposited on the surface of the sintered body by 
electrolytic forming. Then, the steps of immersing the dielectric-film-bearing sintered body in a liquid mixture of a 35% 
10 aqueous solution of lead acetate and a 35% aqueous solution of ammonium persulfate in a mixing ratio by volume of 
1 :1 and inducing a reaction at 40°C for one hour were repeated, so that a mixture layer of lead dioxide and lead sulfate 
serving as the counter electrode layer was formed on the dielectric oxide film. Subsequently, a carbon layer and a 
silver paste layer were successively overlaid on the counter electrode layer. 

[0207] After mounting of a lead frame, the whole body was sealed with an epoxy resin to produce a chip capacitor. 
15 TABLE 1 0 shows the average capacitance and the average LC value of the chip capacitors (n = 50 units for each). 
The LC value was a value obtained at room temperature under a voltage of 6.3 V for one minute. 

Examples 38 to 40 

20 [0208] In Example 38, Example 39, and Example 40, 50 units of sintered bodies were prepared in the same manner 
as in Example 7, Example 1 2, and Example 25, respectively. A voltage of 20 V was applied to each sintered body for 
200 minutes in a 0.1% aqueous solution of phosphoric acid, whereby a dielectric oxide film was deposited on the 
surface of the sintered body by electrolytic forming. Then, the steps of bringing the dielectric-film-bearing sintered body 
into contact with a liquid mixture of a 10% aqueous solution of ammonium persulfate and a 0.5% aqueous solution of 

25 anthraquinonesulfonic acid in a mixing ratio by volume of 1:1 and exposing the dielectric oxide film to a pyrrole gas 
were repeated at least 5 times, so that the other electrode (counter electrode) of polypyrrole was formed on the dielectric 
oxide film. 

[0209] Subsequently, a carbon layer and a silver paste layer were successively overlaid on the counter electrode. 
After mounting of a lead frame, the whole body was sealed with an epoxy resin to produce a chip capacitor, TABLE 
30 1 o shows the average capacitance and the average LC value of the chip capacitors (n = 50 units for each) . The LC 
value was a value obtained at room temperature under a voltage of 6.3 V for one minute. 

Comparative Examples 6 to 8 

35 [0210] In a nickel crucible, sodium was added to 20 g of potassium fluoroniobate fully dried at 80°C under vacuum 
so that the amount of sodium was 1 0 times the molar amount of potassium fluoroniobate. Then, reduction was carried 
out at 1 000°C in an atmosphere of argon for 20 hours. After completion of the reduction reaction, the reduced product 
was cooled, and successively washed with water, 95% sulfuric acid, and water, and thereafter dried under vacuum. 
The resulting product was pulverized'for 40 hours using a ball mill, that is, an alumina pot provided with silica-alumina 

40 balls. Then, the pulverized product was immersed in a liquid mixture of 50% nitric acid and a 10% aqueous solution 
of hydrogen peroxide in a ratio by mass of 3:2, with stirring. The pulverized product was thoroughly washed with water 
to remove impurities until the pH of the product reached 7, and dried under vacuum. The mean particle size of the 
obtained niobium powder was 1 .3 urn. 30 g of the niobium powder thus prepared was put into a reaction vessel made 
of stainless steel (SUS304), with nitrogen introduced therein at 300°C for 0.5 to 4 hours. Thus, a niobium nitride was 

45 obtained. 

[021 1 ] The amount of nitrogen in the niobium nitride was determined using an apparatus made by LECO Corporation 
for determining nitrogen content based on thermal conductivity. The ratio of the amount of nitrogen to the mass of the 
powder separately measured was defined as the nitride content. As a result, the nitride content was 0.02 to 0.30% by 
mass. The niobium nitride thus obtained was subjected to the same steps of granulation, molding, and sintering as in 

50 Example 1 , so that a sintered body was prepared. With respect to 50 units of the sintered bodies thus obtained, a 
voltage of 20 V was applied to each sintered body for 200 minutes in a 0.1% aqueous solution of phosphoric acid, 
whereby a dielectric oxide film was deposited on the surface of the sintered body by electrolytic forming. Then, the 
steps of immersing the dielectric-film-bearing sintered body in. a 60% aqueous solution of manganese nitrate and 
heating the sintered body at 220°C for 30 minutes were repeated, so that a manganese dioxide layer serving as the 

55 counter electrode layer was formed on the dielectric oxide film. Subsequently, a carbon layer and a silver paste layer 
were successively overlaid on the counter electrode. After mounting of a lead frame, the whole body was sealed with 
an epoxy resin to produce a chip capacitor. TABLE 10 shows the average capacitance and the average LC value of 
the chip capacitors (n = 50 units for each) . The LC value was a value obtained at room temperature under a voltage 
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of 6.3 V for one minute. 
Comparative Examples 9 to 11 

5 [0212] 50 g of a niobium ingot was put into a reaction vessel made of stainless steel (SUS304), and hydrogen was 
continuously introduced into the vessel at 400°C for 12 hours. The hydrogenated niobium in the form of a cake was 
cooled and pulverized with iron balls for 10 hours in a pot made of stainless steel (SUS304). The pulverized product 
was put into the same reaction vessel made of stainless steel (SUS304) as mentioned above, and again hydrogenated 
under the same conditions as mentioned above. The hydrogenated product was prepared as a slurry in water in an 

10 amount of 20% by volume and placed in a wet pulverizer made of stainless steel (SUS304) (trademark "Atritor") together 
with zirconia balls and wet grinding was performed for 6 hours. The slurry was subjected to centrifugal sedimentation, 
and the pulverized particles were obtained by decantation. The pulverized particles were dried at 50°C under a vacuum 
of 133 Pa. 

[0213] Subsequently, the hydrogenated niobium powder was heated at400°Cfordehydrogenation under a pressure 
15 1 .33 x 1 0" 2 Pa for one hour. The mean particle size of the obtained niobium powder was 1 .0 u.m. 30 g of the niobium 
powder was put into a reaction vessel made of stainless steel (SUS304), with nitrogen being introduced therein at 
300°C for 0.5 to 3 hours, thereby obtaining a niobium nitride. The amount of nitrogen in the niobium nitride was deter- 
mined using an apparatus made by LECO Corporation for determining nitrogen content based on thermal conductivity. 
The ratio of the amount of nitrogen to the mass of the powder separately measured was defined as the nitride content. 
20 As a result, the nitride content was 0.03 to 0.28% by mass. The niobium nitride thus obtained was subjected to the 
same steps of granulation, molding, and sintering as in Example 1 , so that a sintered body was prepared. With respect 
to 50 units of sintered bodies, a voltage of 20 V was applied to each sintered body for 200 minutes in a 0. 1 % aqueous 
solution of phosphoric acid, whereby a dielectric oxide film was deposited on the surface of the sintered body by 
electrolytic forming. Then, the steps of bringing the dielectric-film-bearing sintered body into contact with a liquid mixture 
25 of a 10% aqueous solution of ammonium persulfate and a 0.5% aqueous solution of anthraquinonesulfonic acid in a 
mixing ratio by volume of 1 :1 and exposing the dielectric oxide film to a pyrrole gas were repeated at least 5 times, so 
that the counter electrode of polypyrrole was formed on the dielectric oxide film. Subsequently, a carbon layer and a 
silver paste layer were successively overlaid on the counter electrode. 

[0214] After mounting of a lead frame, the whole body was sealed with an epoxy resin to produce a chip capacitor. 
30 TABLE 1 0 shows the average capacitance and the average LC value of the chip capacitors (n = 50 units for each). 
The LC value was a value obtained at room temperature under a voltage of 6.3 V for one minute. 

Example 41 

35 [0215] In Example 41 , 50 units of sintered bodies were prepared in the same manner as in Example 25. A voltage 
of 20 V was applied to each sintered body for 200 minutes in a 0.1% aqueous solution of phosphoric acid, whereby a 
dielectric oxide film was deposited on the surface of the sintered body by electrolytic forming. Then, the niobium sintered 
body was immersed in an aqueous solution containing ammonium persulfate in an amount of 25% by mass (solution 
1A), removed from the solution 1A and dried at 80°C for 30 minutes, thereby forming a dielectric. Thereafter, the 

40 dielectric-deposited sintered body was immersed in an isopropanol solution containing 3, 4-ethylenedioxythiophene in 
an amount of 18% by mass (solution 2), removed from the solution 2, and allowed to stand at 60°C for 10 minutes, 
thereby carrying out oxidative polymerization. 

[0216] The resultant product was immersed in the solution 1A again, and underwent the same steps as mentioned 
above. After the procedure from immersion in the solution 1A to oxidative polymerization was repeated 8 times, the 

45 resultant product was washed with hot water of 50°C for 1 0 minutes, and then dried at 1 00°C for 30 minutes, thereby 
forming the other electrode (counter electrode) comprising electroconducting poly (3,4-ethylenedioxythiophene). 
[0217] Subsequently, a carbon layer and a silver paste layer were successively overlaid on the counter electrode. 
After mounting of a lead frame, the whole body was sealed with an epoxy resin to produce a chip capacitor. TABLE 
10 shows the average capacitance and the average LC value of the chip capacitors (n = 50 units). The LC value was 

50 a value obtained at room temperature under a voltage of 6.3 V for one minute. 

Example 42 

[0218] 50 units of sintered bodies were prepared in the same manner as in Example 12. A voltage of 20 V was 
55 applied to each sintered body for 200 minutes in a 0.1% aqueous solution of phosphoric acid, whereby a dielectric 
oxide film was deposited on the surface of the sintered body by electrolytic forming. Then, the niobium sintered body 
was immersed in an aqueous solution containing ammonium persulfate in an amount of 25% by mass and sodium 
anthraquinone-2-sulfonate in an amount of 3% by mass (solution 1 B), removed from the solution 1 B, and dried at 80°C 
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for 30 minutes, thereby forming a dielectric. Thereafter, the dielectric-deposited sintered body was immersed in an 
isopropanol solution containing 3,4-ethylenedioxythiophene in an amount of 1 8% by mass (solution 2), removed from 
the solution 2, and allowed to stand at 60°C for 10 minutes, thereby carrying out oxidative polymerization. 
[0219] The resultant product was immersed in the solution 1B again, and underwent the same steps as mentioned 

5 above. After the procedure from immersion in the solution 1 B to oxidative polymerization was repeated 8 times; the 
resultant product was washed with hot water of 50°C for 1 0 minutes, and then dried at 1 00°C for 30 minutes, thereby 
forming the other electrode (counter electrode) comprising electroconducting poly(3,4-ethylenedioxythiophene). 
[0220] Subsequently, a carbon layer and a silver paste layer were successively overlaid on the counter electrode. 
After mounting of a lead frame, the whole body was sealed with an epoxy resin to produce a chip capacitor. TABLE 

10 1 0 shows the average capacitance and the average LC value of the chip capacitors (n = 50 units). The LC value was 
a value obtained at room temperature under a voltage of 6.3 V for one minute. 



TABLE 10 





Content of Nitrogen (% by 
mass) 


Capacitance (uF) 


LC(uA) 


Number of Samples with 
LC of more than 100uA 


Example 34 




539 


25 


0/50 


Example 35 




506 


50 


0/50 


Example 36 








0/50 


Example 37 










Example 38 




763 


67 


0/50 


Example 39 




548 


26 


0/50 


Example 40 


0.28 


621 


40 


0/50 


Comparative Example 6 


0.02 


393 


46 


1/50 


Comparative Example 7 


0.09 


393 


42 


1/50 


Comparative Example 8 


0.30 


384 


30 


0/50 


Comparative Example 9 


0.03 


454 


48 


1/50 


Comparative Example 
10 


0.14 


449 


44 


0/50 


Comparative Example 
11 


0.28 


459 


40 


0/50 


Example 41 


0.28 


619 


38 


0/50 


Example 42 




P 545 


23 


0/50 



40 

Example 43 



[0221] Using 93 g of a niobium ingot and 0.25 g of boron powder, a boron-containing niobium ingot (alloy) having a 
boron content of 2 mol% was produced by arc melting. In an SUS 304-made reactor, 50 g of the obtained ingot was 

45 placed and hydrogen was continuously introduced thereinto at 400°C for 10 hours. After cooling, the hydrogenated 
boron-containing niobium cake placed in an SUS 304-made pot containing SUS-made balls and pulverized for 10 
hours. Thereafter, this hydride was formed into a 20 vol% slurry with water, charged together with zirconia balls into 
an SUS 304-made spike mill, and wet-pulverized at 10°C or less for 7 hours. The resulting slurry was subjected to 
centrifugal sedimentation and decanted to obtain a pulverized product. The pulverized product was dried in a vacuum 

so under the conditions of 1 .33x 1 0 2 Pa and 50°C. 

[0222] Subsequently, the hydrogenated boron-containing niobium powder was dehydrogenated under heating at 
1.33X10- 2 Pa and400°Cfor 1 hour. The produced boron-containing niobium powder had a mean particle size of 1.0 
jxm and the boron content thereof was measured by the atomic absorption analysis and found to be 2 mol%. The thus- 
obtained boron-containing niobium powder was granulated in a vacuum of 3.99x1 0" 3 Pa at 1 ,000°C. Thereafter, the 

55 granulated cake was pulverized to obtain a granulated powder having a mean particle size of 1 00 jim. 

[0223] The thus-obtained boron-containing niobium granulated powder was molded together with a 0.3-mm<|> niobium 
lead wire to manufacture a molded article having a size of approximately 0.3x0.18x0.45 cm (weighing about 0.1 g). 
[0224] This molded article was allowed to stand in a'vacuum of 3.99x 1 0" 3 Pa at 1 ,200°C for 30 minutes and thereby, 
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a sintered body was obtained. The sintered body obtained was electrochemically formed in an aqueous 0.1% phos- 
phoric acid solution at a temperature of 80°C for 200 minutes by applying a voltage of 20 V to form a dielectric layer 
on the surface. Thereafter, the capacitance in 30% sulfuric acid and the leakage current (LC) in an aqueous 20% 
phosphoric acid solution were measured. The results obtained are shown in Table 11 . 

5 

Examples 44 to 55: 

[0225] In the above-described manufacture of a niobium sintered body comprising boron and aluminum, a powder 
of boron, aluminum, gallium, indium or thallium and a niobium ingot were used at an arbitrary ratio to produce niobium 
10 ingots containing boron, aluminum, gallium, indium or thallium by arc melting. Thereafter, 50 g of each ingot was 
pulverized using the same apparatus as in Example 43 by changing the pulverization time. Using the thus-obtained 
niobium powder containing boron and aluminum, sintered bodies were manufactured and each was measured on the 
capacitance and the LC value. The results obtained are shown in Table 11 . 

15 Comparative Examples 12 to 15 

[0226] For the purpose of comparison with Examples 43 to 55, four kinds of niobium powder not containing any of 
boron, aluminum, gallium, indium and thallium and having a different mean particle size were produced in the same 
manner as in Example 43. Using the produced niobium powder, sintered bodies were manufactured and measured on 
20 the capacitance and the LC. The results obtained are shown in Table 11 . 



TABLE 11 





Composition (molar ratio) 


Size (urn) 


(nF».V/g) 


LC (uA/a) 






Nb 


B 


Al 


Ga 


In 


Tl 








Ex. 


43 


98 


2.0 










1.0 


115000 


28 




44 


99 




1.0 








1.0 


114000 


33 




45 


99 






1.0 






1.0 


115000 


37 




46 


99 








1.0 




1.0 


116000 


39 




47 


99 










1.0 


1.0 


114000 


39 




48 


98 


1.0 


1.0 








1.0 


115000 


32 




49 


98 


0.5 


1.5 








1.0 


114000 


33 




50 


98 


1.5 


0.5 








1.0 


116000 


30 




51 


98 


2.0 










0.1 


540000 


344 




52 


98 


2.0 










0.5 


240000 


153 




53 


98 


2.0 










0.7 


155000 


75 




54 


98 


2.0 










1.3 


95000 


18 




55 


98 


2.0 










3.2 


35000 


2 


Comp Ex. 


12 


100 












0.5 


182000 


2120 




13 


100 












0.7 


120000 


1074 




14 


100 












1.0 


87000 


424 




15 


100 












1.3 


74000 


233 



Examples 56 to 63: 

[0227] In orderto change the boron content of the boron-containing niobium powder, boron-containing niobium ingots 
having a boron content of 0.02 to 9.8 mol% were produced by varying the amounts of niobium and boron processed 
by the arc melting. Thereafter, using 50 g of each of the boron-containing niobium ingots having respective boron 
concentrations, sintered bodies were manufactured by the same operation as in Example 1 and each was measured 
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on the capacitance and the LC. The results obtained are shown in Table 12. 
Comparative Examples 16 to 18 

[0228] For the purpose of comparison with Examples 52 to 59, boron-containing niobium ingots having a boron 
content of Omol%, 13.3 mol% or 1 7.5 mol% were manufactured. Thereafter, using 50 g of each of the boron-containing 
niobium ingots having respective boron concentrations, sintered bodies were manufactured by the same operation as 
in Example 43 and each was measured on the capacitance and the LC. The results obtained are shown in Table 12. 



TABLE 12 





Boron Content 
(mol%) 


Mean Particle 
Size (urn) 


Sintering Temp. 
CO 


Capacitance 
(|iF»V/g) 


LC (uA/g) 


Example 




0.02 


1.0 


1200 


105000 


52 


57 


0.10 


1.0 


1200 


112000 


43 


58 


1.1 


1.0 


1200 


113000 


36 


43 


2.0 


1.0 


1200 


115000 


28 


59 


3.0 


1.0 


1200 


117000 


28 


60 


4.1 


1.0 


1200 


116000 


29 


61 


5.2 


1.0 


1200 


112000 


32 


62 


7.5 


1.0 


1200 


105000 


38 


63 


9.8 


1.0 


1200 


98000 


43 


Comparative 
Example 


16 


0.0 


1.0 


1200 


88000 


420 


17 


13.3 


1.0 


1200 


85000 


49 


18 


17.5 


1.0 


1200 


79000 


52 



Examples 64 to 69 

[0229] In an SUS 304-made reactor, 1 00 g of a niobium ingot was placed and hydrogen was continuously introduced 
thereinto at 400°C for 10 hours. After cooling, the hydrogenated niobium cake was placed in an SUS 304-made pot 
containing SUS-made balls and pulverized for 1 0 hours. Thereafter, this hydride was formed into a 20 vol% slurry with 
water, charged together with zirconia balls into an SUS 304-made spike mill, and wet-pulverized for 7 hours. The 
resulting slurry was subjected to centrifugal sedimentation and decanted to obtain a pulverized product. The pulverized 
product was dried in a vacuum underthe conditions of 1.33x1 0 2 Pa and 50°C. Subsequently, the hydrogenated niobium 
powder was dehydrogenated under heating at 1 .33x1 0' 2 Pa and 400°C for 1 hour. The manufactured niobium powder 
had a mean particle size of 1 .1 urn. Into this niobium powder, any one of niobium diboronate, boron oxide and boron 
metal each having a mean particle size of about 1 urn was mixed at an arbitrary ratio. The obtained boron-containing 
niobium powder was granulated in a vacuum of 3.99x1 0" 3 Pa at 1 ,050°C. Thereafter, the granulated cake was pul- 
verized to obtain a granulated powder having a mean particle size of 90 um. The thus-obtained boron-containing 
niobium granulated powder was molded together with a 0.3-mmij> niobium lead wire to manufacture a molded article 
having a size of approximately 0.3x0.18x0.45 cm (weighing about 0.1 g). Subsequently, these molded articles were 
allowed to stand in a vacuum of 3.99X10" 3 Pa at 1,200°C for 30 minutes to obtain sintered bodies. The resulting 
sintered bodies each was electrochemically formed in an aqueous 0.1% phosphoric acid solution at a temperature of 
80°C for 200 minutes by applying a voltage of 20 V to form a dielectric layer on the surface. Thereafter, the capacitance 
in 30% sulfuric acid and the LC in an aqueous 20% phosphoric acid solution were measured. The results obtained are 
shown in Table 13. 
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TABLE 13 





Species of Boron 


Boron Content (mol%) 


Capacitance (u.F#V/g) 


LC (uA/g) 


Example Example 


64 


NbB 2 


2.9 


117000 


30 




65 


NbB 2 


1.2 


112000 


38 




66 


B0 3 


3.8 


113000 


34 




67 


B0 3 


2.2 


112000 


32 




68 


B 


0.5 


112000 


38 




69 


B 


1.1 


114000 


39 



Examples 70 to 74: 

15 

[0230] In orderto obtain a boron-containing niobium nitride, 10 g of boron-containing niobium powder containing 3.2 
mol% of boron and having a mean particle size of 0.9 urn was manufactured in the same manner as in Example 43 
and charged into an SUS 304-made reactor and thereinto, nitrogen was continuously introduced at 300°C for 0.5 to 
20 hours to obtain boron-containing niobium nitrides. The nitrogen amount of each nitride was determined using a 
20 nitrogen amount measuring apparatus manufactured by LECO which determines the nitrogen amount from the thermal 
conductivity. The ratio of the measured value to the separately measured mass of powder was designated as the 
nitrided amount. The nitrided amount here was from 0.02 to 0.89% by mass. 

[0231] The thus-obtained boron-containing niobium nitrides each was granulated, molded and sintered in the same 
manner as in Example 43 and each sintered body obtained was electrochemically formed in an aqueous 0.1% phos- 
25 phoric acid solution at a temperature of 80°C for 200 minutes by applying a voltage of 20 V to form a dielectric layer 
on the surface. Thereafter, the capacitance in 30% sulfuric acid and the LC value in an aqueous 20% phosphoric acid 
solution were measured. The results obtained are shown in Table 14. 



TABLE 14 





Boron Content (mol%) 


Nitrogen Content (mass %) 


Capacitance (u.F# V/g) 


LC (uA/g) 


Ex. 


70 


3.2 


0.02 


129000 


31 




71 


3.2 


0.10 


128000 


30 




72 


3.2 


0.28 


128000 


28 




73 


3.2 


0.43 


127000 


33 




74 


3.2 


0.89 


128000 


39 



Examples 75 and 76: 

[0232] In order to obtain a sintered body comprising a mixture of boron-containing niobium powder and niobium 
powder, boron-containing niobium powder containing 6.9 mol% of boron and having a mean particle size of 1 .0 u.m 
was obtained in the same manner as in Example 43. 

[0233] Separately, into a nickel-made crucible, 20 g of potassium fluoroniobate thoroughly dried in a vacuum at 80°C 
and sodium in a molar amount of 1 0 times the potassium fluoroniobate were charged and allowed to perform a reduction 
reaction at 1 ,000°C for 20 hours in an argon atmosphere. After the completion of reaction, the reduction product was 
cooled, washed with water, washed with 95% sulfuric acid and then with water in sequence, dried in a vacuum and 
pulverized for 40 hours using a ball mill of an alumina pot containing silica alumina balls. The pulverized product was 
dipped and stirred in a 3:2 (by mass) mixed solution of 50% nitric acid and 1 0% aqueous hydrogen peroxide. Thereafter, 
the pulverized product was thoroughly washed with water until the pH reached 7 to remove impurities, and dried in a 
vacuum. The produced niobium powder had a mean particle size of 1 .2 |xm. 

[0234] The thus-obtained boron-containing niobium powder was 'thoroughly mixed with niobium powder at a ratio 
shown in Table 15 and the resulting mixtures each was granulated, molded and sintered in the same manner as in 
Example 1 to obtain sintered bodies. The capacitance and the LC value of each sintered body were measured and 
the results obtained are shown in Table 15. 
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Examples 77 to 80 

[0235] In orderto obtain a sintered body of boron-containing niobium nitride comprising a mixture of boron-containing 
niobium powder and niobium powder, boron-containing niobium powder containing 6.9 mol% of boron and having a 

5 mean particle size of 1 .0 urn was obtained in the same manner as in Example 43. Separately, 50 g of a niobium ingot 
was placed in an SUS 304-made reactor and hydrogen was continuously introduced thereinto at 400°C for 12 hours. 
After cooling, the hydrogenated niobium cake was placed in an SUS 304-made pot containing iron-made balls and 
pulverized for 10 hours. This pulverized product was charged into the same SUS 304-made reactor as above and 
again hydrogenated under the above-described conditions. Thereafter, this hydride was formed into a 20 vol% slurry 

10 with water, charged together with zirconia balls into an SUS 304-made spike mill, and wet-pulverized for 6 hours. 
[0236] The resulting slurry was centrif uged and decanted to obtain a pulverized product. The pulverized product was 
dried in a vacuum under the conditions of 1 .33x1 0 2 Pa and 50°C. Subsequently, the hydrogenated niobium powder 
was dehydrogenated under heating in a vacuum of 1.33X10" 2 Pa at 400°C for 1 hour. The manufactured niobium 
powder had a mean particle size of 1 .1 u.m. 

15 [0237] The thus-obtained boron-containing niobium powder was thoroughly mixed with niobium powder at an arbi- 
trary ratio and after obtaining nitrides in the same manner as in Example 68, the nitrides each was granulated, molded 
and sintered to obtain sintered bodies. The capacitance and the LC value of each sintered body were measured and 
the results obtained are shown in Table 15. 



TABLE 15 





Type of Niobium Powder 


Mixing ratio (boron-contain ing 
niobium powder : niobium 
powder) 


Capacitance (uF^V/g) 


LC (uA/g) 


Ex. 


75 


Reduced powder 


90:10 


109000 


36 




76 


Reduced powder 


50:50 


117000 


28 




77 


Reduced powder 


10:90 


111000 


41 




78 


Pulverized powder 


80:20 


113000 


33 




79 


Pulverized powder 


40:60 


116000 


27 




80 


Pulverized powder 


20:80 


114000 


36 



Examples 81 and 82 

35 

[0238] 50 Units of sintered bodies were prepared in each of Example 81 and Example 82 in same manner as in 
Example 43 and Example 44, respectively. These sintered bodies each was electrochemically formed using an aqueous 
0.1% phosphoric acid solution at a voltage of 20 V for 200 minutes to form an oxide dielectric film on the surface. 
Subsequently, an operation of dipping each sintered body in an aqueous 60% manganese nitrate solution and then 
heating it at 220°C for 30 minutes was repeated to form a manganese dioxide layer as the other electrode (counter 
electrode) layer on the oxide dielectric film. On this counter electrode layer, a carbon layer and a silver paste layer 
were stacked in this order. After mounting a lead frame thereon, the device as a whole was molded with an epoxy resin 
to manufacture a chip-type capacitor. The average capacitance and the average LC value of the chip-type capacitors 
(n=50 units in each Example) are shown in Table 1 6. The LC value is a value measured at room temperature by applying 
*> a voltage of 6.3 V for 1 minute. 

Examples 83 and 84 

[0239] 50 Units of sintered bodies were prepared in each of Example 83 and Example 84 in same manner as in 
50 Example 53 and Example 48, respectively. These sintered bodies each was electrochemically formed using an aqueous 
0.1% phosphoric acid solution at a voltage of 20 V for 200 minutes to form an oxide dielectric film on the surface. 
Subsequently, an operation of dipping each sintered body in a mixed solution of an aqueous 35% lead acetate solution 
and an aqueous 35% ammonium persulfate solution (1:1 by volume) and then allowing the reaction to proceed at 40°C 
for 1 hour was repeated to form a mixed layer of lead dioxide and lead sulfate as the other electrode (counter electrode) 
55 layer on the oxide dielectric film. On this counter electrode layer, a carbon layer and a silver paste layer were stacked 
in this order. After mounting a lead frame thereon, the device as a whole was molded with an epoxy resin to manufacture 
a chip-type capacitor. The average capacitance and the average LC value of the chip-type capacitors (n=50 units in 
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each Example) are shown in Table 1 6. The LC value is a value measured at room temperature by applying a voltage 
of 6.3 V for 1 minute. 

Examples 85 to 88 

5 

[0240] 50 Units of sintered bodies were prepared in each of Example 85, Example 86, Example 87 and Example 88 
in same manner as in Example 58, Example 49, Example 67 and Example 71 , respectively. These sintered bodies 
each was electrochemically formed using an aqueous 0.1% phosphoric acid solution at a voltage of 20 V for 200 
minutes to form an oxide dielectric film on the surface. Subsequently, an operation of contacting the oxide dielectric 

10 film with an equivalent-mass mixed solution of an aqueous 10% ammonium persulfate solution and an aqueous 0.5% 
anthraquinonesulfonic acid solution and then with a pyrrole vapor was repeated at least 5 times, whereby the other 
electrode (counter electrode) comprising polypyrrole was formed on the oxide dielectric film. 
[0241] On this counter electrode, a carbon layer and a silver paste layer were stacked in this order. After mounting 
a lead frame thereon, the device as a whole was molded with an epoxy resin,to manufacture a chip-type capacitor. 

15 The average capacitance and the average LC value of the chip-type capacitors (n=50 units in each Example) are 
shown in Table 1 6. The LC value is a value measured at room temperature by applying a voltage of 6.3 V for 1 minute. 

Examples 89 to 93 

20 [0242] 50 Units of sintered bodies were prepared in each of Example 89, Example 90, Example 91 , Example 92 and 
Example 93 in same manner as in Example 59, Example 50, Example 65, Example 72 and Example 76, respectively. 
These sintered bodies each was electrochemically formed using an aqueous 0.1% phosphoric acid solution at a voltage 
of 20 V for 200 minutes to form an oxide dielectric film on the surface. Subsequently, the niobium sintered body was 
dipped into an aqueous solution containing 25% by mass of ammonium persulfate (Solution 1), then pulled up and 

25 dried at 80°C for 30 minutes. Thereafter, the sintered body having formed thereon a dielectric material was dipped in 
an isopropanol solution containing 18% by mass of 3,4-ethylenedioxythiophene (Solution 2), then pulled up and left 
standing in an atmosphere of 60°C for 10 minutes to allow the oxidation-polymerization to proceed 1 . The resulting 
sintered body was again dipped in Solution 1 and then treated in the same manner as above. The operation from the 
dipping in Solution 1 until the oxidation polymerization was repeated 8 times. Then, the sintered body was washed 

30 with hot water at 50°C for 1 0 minutes and dried at 1 00°C for 30 minutes, whereby the other electrode (counter electrode) 
comprising electrically conducting poly(3,4-ethylenedioxythiophene) was formed. 

[0243] On this counter electrode, a carbon layer and a silver paste layer were stacked in this order. After mounting 
a lead frame thereon, the device as a whole was molded with an epoxy resin to manufacture a chip-type capacitor. 
The average capacitance and the average LC value of the chip-type capacitors (n=50 units in each Example) are 
35 shown in Table 1 6. The LC value is a value measured at room temperature by applying a voltage of 6.3 V for 1 minute. 

Comparative Examples 18 to 20 

[0244] Into a nickel-made crucible, 20 g of potassium fluoroniobate thoroughly dried in a vacuum at 80"C and sodium 

40 in a molar amount of 1 0 times the potassium fluoroniobate were charged and allowed to perform a reduction reaction 
at 1 ,000°C for 20 hours in an argon atmosphere. After the completion of reaction, the reduction product was cooled, 
washed with water, washed with 95% sulfuric acid and then with water in sequence, dried in a vacuum and pulverized 
for 40 hours using a ball mill of an alumina pot containing silica alumina balls. The pulverized product was dipped and 
stirred in a 3:2 (by mass) mixed solution of 50% nitric acid and 10% aqueous hydrogen peroxide. Thereafter, the 

45 pulverized product was thoroughly washed with water until the pH reached 7 to remove impurities, and dried in a 
vacuum. The manufactured niobium powder had a mean particle size of 1 .3 urn. Into an SUS 304-made reactor, 30 g 
of the thus-obtained niobium powder was charged and thereinto, nitrogen was continuously introduced at 300°C for 
0.5 to 4 hours to obtain niobium nitrides. The nitrogen amount of each nitride was determined using the nitrogen amount 
measuring apparatus manufactured by LECO which determines the nitrogen amount from the thermal conductivity. 

50 The ratio of the measured value to the separately measured mass of powder was designated as the nitrided amount, 
as a result, the nitrided amount here was from 0.02 to 0.30% by mass. Each niobium nitride was granulated, molded 
and sintered in the same manner as in Example 43 to obtain a sintered body. The thus-obtained 50 units of sintered 
bodies each was electrochemically formed using an aqueous 0.1% phosphoric acid solution at a voltage of 20 V for 
200 minutes to form an oxide dielectric film on the surface. Thereafter, an operation of dipping the sintered body in an 

55 aqueous 60% manganese nitrate solution and then heating it at 220°C for 30 minutes was repeated to form a manga- 
nese dioxide layer as the other electrode (counter electrode) layer on the oxide dielectric film. On this counter electrode 
layer, a carbon layer and a silver paste layer were stacked in this order. Aftermounting a lead frame thereon, the device 
as a whole was molded with an epoxy resin to manufacture a chip-type capacitor. The average capacitance and the 
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average LC value of the chip-type capacitors (n=50 units in each Example) are shown in Table 1 6. The LC value is a 
value measured at room temperature by applying a voltage of 6.3 V for 1 minute. 

Comparative Examples 21 to 23 

5 

[0245] In an SUS 304-made reactor, 50 g of a niobium ingot was placed and thereinto, hydrogen was continuously 
introduced at 400°C for 1 2 hours. After cooling, the hydrogenated niobium cake was placed in an SUS 304-made pot 
containing iron-made balls and pulverized for 10 hours. This pulverized product was charged into the same SUS 
304-made reactor as above and again hydrogenated under the above-described conditions. Thereafter, this hydride 

10 was formed into a 20 vol% slurry with water, charged together with zirconia balls into an SUS 304-made wet grinding 
machine ("Atritor", trade name), and wet-pulverized for 6 hours. The resulting slurry was subjected to centrifugal sed- 
imentation decanted to obtain a pulverized product. The pulverized product was vacuum-dried in a vacuum of 1 .33x 1 0 2 
Pa at 50°C. Subsequently, the hydrogenated niobium powder was dehydrogenated under heating in a vacuum of 
1 .33x1 0" 2 Pa at 400°C for 1 hour. The manufactured niobium powder had a mean particle size of 1 .0 u.m. Into an SUS 

15 304-made reactor, 30 g of the obtained niobium powder was charged and thereinto, nitrogen was continuously intro- 
duced at 300°C for 0.5 to 3 hours to obtain niobium nitrides. The nitrogen amount of each nitride was determined using 
a nitrogen amount measuring apparatus manufactured by LECO which determines the nitrogen amount from the ther- 
mal conductivity. The ratio of the measured value to the separately measured mass of powder was designated as the 
nitrided amount, as a result, the nitrided amount here was from 0.03 to 0.28% by mass. Each niobium nitride was 

20 granulated, molded and sintered in the same manner as in Example 43 to obtain a sintered body. The thus-obtained 
50 units of sintered bodies each was electrochemically formed using an aqueous 0.1% phosphoric acid solution at a 
voltage of 20 V for 200 minutes to form an oxide dielectric film on the surface. Thereafter, an operation of contacting 
the oxide dielectric film with an equivalent-mass mixed solution of an aqueous 10% ammonium persulfate solution and 
an aqueous 0.5% anthraquinone sulfonic acid solution and then with a pyrrole vapor was repeated at least 5 times, 

25 whereby counter electrode comprising polypyrrole was formed on the oxide dielectric film. On this counter electrode, 
a carbon layer and a silver paste layer were stacked in this order. After mounting a lead frame thereon, the device as 
a whole was molded with an epoxy resin to manufacture a chip-type capacitor. The average capacitance and the 
average LC value of the chip-type capacitors (n=50 units in each Example) are shown in Table 1 6. The LC value is a 
value measured at room temperature by applying a voltage of 6.3 V for 1 minute. 

30 

TABLE 16 





Nitrogen Content 
(mass %) 


Capacitance ((iF) 


LC (uA) 


Number of Units 
Having LC Exceeding 
100 uA 


Example. 


81 




529 


17 


0/50 




82 




513 


23 


0/50 




83 




690 


53 


0/50 




84 




500 


22 


0/50 




85 




480 


21 


0/50 




86 




513 


23 


0/50 




87 




520 


25 


0/50 




88 


0.10 


557 


22 


0/50 




89 




521 


20 


0/50 




90 




528 


22 


0/50 




91 




493 


28 


0/50 




92 




589 


20 


0/50 




93 


0.28 


527 


18 


0/50 



55 
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TABLE 16 (continued) 





Nitrogen Content 
(mass %) 


Capacitance (jiF) 


LC (oA) 


Having LC Exceeding 
100uA 


Comparative Example 


18 


0.02 


399 


46 


1/50 


19 


0.09 


393 


42 


1/50 


20 


0.30 


384 


30 


0/50 


21 


0.03 


454 


48 


1/50 


22 


0.14 


449 


44 


0/50 


23 


0.28 


459 


40 


0/50 



Example 94 

[0246] Using 92 g of a niobium ingot and 1 .9 g of rhenium powder, a rhenium-containing niobium ingot (alloy) having 
a rhenium content of 1 mold was produced by arc melting. In an SUS 304-made reactor, 50 g of the obtained ingot 
was placed and hydrogen was continuously introduced thereinto at 400°Cfor10 hours. After cooling, the hydrogenated 
rhenium-containing niobium cake was placed in an SUS 304-made pot containing SUS-made balls and pulverized for 
1 0 hours. Thereafter, this hydride was formed into a 20 vol% slurry with water, charged together with zirconia balls into 
an SUS 304-made spike mill, and wet-pulverized at 10°C or less for 7 hours. The resulting slurry was subjected to 
centrifugal sedimentation and decanted to obtain a pulverized product. The pulverized product was dried in a vacuum 
under the conditions of 1.33x1 0 2 Pa and 50°C. 

[0247] Subsequently, the hydrogenated rhenium-containing niobium powder was dehydrogenated under heating at 
1 .33x10-2 Pa and 400°C for 1 hour. The produced rhenium-containing niobium powder had a mean particle size of 1 
u.m and the rhenium content thereof was measured by the atomic absorption analysis and found to be 1 mol%. The 
thus-obtained rhenium-containing niobium powder was granulated in a vacuum of 4x1 0 3 Pa at 1 ,000°C. Thereafter, 
the granulated cake was pulverized to obtain a granulated powder having a mean particle size of 1 00 u.m. 
[0248] The thus-obtained rhenium-containing niobium granulated powder was molded together with a 0.3-mm<)> nio- 
bium lead wire to manufacture a molded article having a size of approximately 0.3X0.18x0.45 cm (weighing about 
0.1 g). 

[0249] This molded article was allowed to stand in a vacuum of 4x10" 3 Pa at 1 ,200°C for 30 minutes and thereby, 
a sintered body was obtained. The sintered body obtained was electrochemically formed in an aqueous 0.1% phos- 
phoric acid solution at a temperature of 80°C for 200 minutes by applying a voltage of 20 V to form a dielectric layer 
on the surface. Thereafter, the capacitance in 30% sulfuric acid and the leakage current (hereinafter simply referred 
to as "LC") in an aqueous 20% phosphoric acid solution were measured. The results obtained are shown in Table 1 7. 



Examples 95 to 117 

[0250] In the above-described manufacture of a niobium sintered body comprising at least one element of cerium, 
neodymium, titanium, rhenium, ruthenium, rhodium, palladium, silver, zinc, silicon, germanium, tin, phosphorus, arsenic 
and bismuth, a powder of cerium, neodymium, titanium, rhenium, ruthenium, rhodium, palladium, silver, zinc, silicon, 
germanium, tin, phosphorus, arsenic or bismuth and a niobium ingot were used at an arbitrary ratio and niobium ingots 
containing at least one element of cerium, neodymium, titanium, rhenium, ruthenium, rhodium, palladium, silver, zinc, 
silicon, germanium, tin, phosphorus, arsenic and bismuth were produced by arc melting. Thereafter, 50 g of each ingot 
was pulverized using the same apparatus as in Example 1 by changing the pulverization time. Using the thus-obtained 
niobium powder containing cerium, neodymium, titanium, rhenium, ruthenium, rhodium, palladium, silver, zinc, silicon, 
germanium, tin, phosphorus, arsenic or bismuth, sintered bodies were manufactured and each was measured on the 
capacitance and LC. The results obtained are shown in Table 17. 

[0251] Rhenium has an effect of giving a lowest leakage current value and zinc, arsenic, phosphorus, germanium 
and tin follow in this order. The leakage current value is almost the same among cerium, neodymium, titanium, ruthe- 
nium, rhodium, palladium, silver, silicon and bismuth, and follows that of tin. Accordingly, in the present invention, the 
niobium powder most preferably contains rhenium and next preferably zinc. 
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Comparative Examples 24 to 27 

[0252] For the purpose of comparison with Examples 94 to 1 1 7, four kincts of niobium powder not containing any of 
cerium, neodymium, titanium, rhenium, ruthenium, rhodium, palladium, silver, zinc, silicon, germanium, tin, phosphorus, 
5 arsenic and bismuth and having a different mean particle size were produced in the same manner as in Example 94. 
Using the produced niobium powder, sintered bodies were manufactured and measured on the capacitance and LC. 
The results obtained are shown in Table 1 7. 



TABLE 17 



10 




Composition (Molar ratio) 


Mean Particle Size (urn) 


Capacitance (u.F-V/g) 


LC (uA/g) 




Ex. 


94 


Nb(99.0), Re(1.0) 


1.0 


113000 


25 






95 


Nb(99.9),Zn(0.1) 


1.0 


105000 


25 






96 


Nb(99.0), As(1.0) 


1.0 


104000 


26 






97 


Nb(98.0) , P(2.0) 


1.0 


105000 


29 






98 


Nb(99.0) , Ge(1 .0) 


1.0 


100000 


38 






99 


Nb(99.0),Sn(1.0) 


1.0 


101000 


39 


20 




100 


Nb(99.0) , Ce(1 .0) 


1.0 


92000 


43 








Nb(99.0), Nd(1.0) 


1.0 


94000 


40 






102 


Nb(99 7) Ti(0.3) 


1 o 


89000 


39 


25 




103 


Nb(99.9), Ru(0.1) 


1.0 


90000 


44 






104 


Nb(99.8) , Rh(0.2) 


1.0 


92000 


39 






105 


Nb(99.8) , Pd(0.2) 


1.0 


88000 


40 






106 


Nb(99.9), Ag(0.1) 


1.0 


90000 


42 


30 






Nb(94.0) , Si(6.0) 


1.0 


95000 


44 








Nb(99.8) , Bi(0.2) 


1.0 


91000 


42 








Nb(95.0) , Re(1 .0) , P(4.0) 


1.0 


115000 


29 


35 






Nb(97.0) , Re(0.5) , As 
(2.5) 


1.0 


111000 


27 






111 


Nb(99.0) , Re(0.3) , Ge 
(0.7) 


1.0 


113000 


26 


40 




112 


Nb(98.5),Re(1.0),Sn 
(0.5) 


1.0 


112000 


29 






113 


Nb(92.0) , Re(0.5) , Si(7.5) 


1.0 


118000 


44 


45 




114 


Nb(98.0),Re(0.8),Zn(0.2), 
Ge(1 .0) 


1.0 


113000 


22 






115 


Nb(99.0) , Re(1 .0) 


0.5 


246000 


126 






116 


Nb(99.0), Re(1.0) 


0.7 


162000 


55 






117 


Nb(99.0), Re(1.0) 


1.3 


96000 


12 


50 


Comp Ex. 


24 


Nb(100) 


0.5 


182000 


2120 






25 


Nb(100) 


0.7 


120000 


1074 






26 


Nb(100) 


1.0 


87000 


424 


55 




27 


Nb(100) 


1.3 


74000 


233 
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Examples 118 to 122 

[0253] In order to change the rhenium content of the rhenium-containing niobium powder, rhenium-containing nio- 
bium ingots having a rhenium content of 0.01 to 7 mol% were produced while varying the amounts of niobium and 
5 rhenium processed by the arc melting. Thereafter, using 50 g of each of the rhenium-containing niobium ingots having 
respective rhenium concentrations, sintered bodies were manufactured by the same operation as in Example 94 and 
each was measured on the capacitance and LC. The results obtained are shown in Table 18. 

Comparative Examples 28 to 30 

10 

[0254] For the purpose of comparison with Example 94 and Examples 11 8 to 122, rhenium-containing niobium ingots 
containing 0 mol%, 11 mol% or 18 mol% of rhenium were produced. Thereafter, using 50 g of each of the rhenium- 
containing niobium ingots having respective rhenium concentrations; sintered bodies were manufactured by the same 
operation as in Example 94 and each was measured on the capacitance and LC. The results obtained are shown in 
15 Table 18. 



TABLE 18 





Rhenium Content 
(mol%) 


Mean Particle size 
(urn) 


Sintering 
Temperature (°C) 


Capacitance 
(nF«V/g) 


LC (uA/g) 


Example 118 


0.01 


1.0 


1200 


95000 


65 


Example 119 


0.10 


1.0 


1200 


106000 


39 


Example 94 


1.0 


1.0 


1200 


113000 


25 


Example 120 


2.0 


1.0 


1200 


112000 


28 


Example 121 


3.0 


1.0 


1200 


113000 


26 


Example 122 


7.0 


1.0 


1200 


109000 


32 


Comparative 
Example 28 


0.0 


1.0 


1200 


86000 


420 


Comparative 
Example 29 


11.0 


1.0 


1200 


85000 


59 


Comparative 
Example 30 


18.1 


1.0 


1200 


80000 


62 



Examples 123 to 128 

[0255] In an SUS 304-made reactor, 1 00 g of a niobium ingot was placed and hydrogen was continuously introduced 
40 thereinto at 400°C for 10 hours. After cooling, the hydrogenated niobium cake was placed in an SUS 304-made pot 
containing SUS-made balls and pulverized for 1 0 hours. Thereafter, this hydride was formed into a 20 vol% slurry with 
water, charged together with zirconia balls into an SUS 304-made spike mill, and wet-pulverized for 7 hours. The 
resulting slurry was subjected to centrifugal sedimentation and decanted to obtain a pulverized product. The pulverized 
product was dried in a vacuum underthe conditions of 1 .33x1 0 2 Pa and 50°C. Subsequently, the hydrogenated niobium 
45 powder was dehydrogenated under heating at 1 .33x1 0" 2 Pa and 400°C for 1 hour. The manufactured niobium powder 
had a mean particle size of 1 .1 urn. 

[0256] Into this niobium powder, any one of rhenium oxide, rhenium sulfide and rhenium metal each having a mean 
particle size of about 1 u.m was mixed at an arbitrary ratio. The obtained rhenium-containing niobium powder was 
granulated in a vacuum of 4x 1 0" 3 Pa at 1 ,050°C. Thereafter, the granulated cake was cracked to obtain a granulated 

50 powder having a mean particle size of 90 u.m. The thus-obtained rhenium-containing niobium granulated powder was 
molded together with a 0.3-mm()> niobium lead wire to manufacture a molded article having a size of approximately 
0.3x0.1 8X0.45 cm 3 (weighing about 0.1 g). Subsequently, these molded articles were allowed to stand in a vacuum 
of 4X 1 0" 3 Pa at 1 ,200°C for 30 minutes to obtain sintered bodies. The resulting sintered bodies each was electrochem- 
ically formed in an aqueous 0.1% phosphoric acid solution at a temperature of 80°C for 200 minutes by applying a 

55 voltage of 20 V to form a dielectric layer on the surface. Thereafter, the capacitance in 30% sulfuric acid and the LC 
in an aqueous 20% phosphoric acid solution were measured. The results obtained are shown in Table 19. 
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Table 19 





Species of Rhenium 


Rhenium Content (mol%) 


Capacitance (u,F#V/g) 


LC (u.A/g) 


Example 123 




2.8 


115000 


27 


Example 124 


Re0 3 


1.2 


112000 


25 


Example 125 


Re 2 0 7 


3.5 


114000 


26 


Example 126 


ReS 2 


2.3 


115000 


29 


Example 127 


Re 2 S 7 


0.5 


112000 


31 


Example 128 


Re 


1.0 


114000 


25 



Examples 129 to 133 



[0257] In orderto obtain a rhenium-containing niobium nitride, 1 0 g of rhenium-containing niobium powder containing 
0.9 mol% of rhenium and having a mean particle size of 0.9 u.m was manufactured in the same manner as in Example 
94 and charged into an SUS 304-made reactor and thereinto, nitrogen was continuously introduced at 300°C for 0.5 
to 20 hours to obtain rhenium-containing niobium nitrides. The nitrogen amount of each nitride was determined using 
a nitrogen amount measuring apparatus manufactured by LECO, which determines the nitrogen amount from the 
thermal conductivity. The ratio of the measured value to the separately measured mass of powder was designated as 
the nitrided amount. The nitrided amount here was from 0.02 to 0.79% by mass. 

[0258] The thus-obtained rhenium-containing niobium nitrides each was granulated, molded and sintered in the same 
manner as in Example 94 and each sintered body obtained was electrochemically formed in an aqueous 0.1% phos- 
phoric acid solution at a temperature of 80°C for 200 minutes by applying a voltage of 20 V to form a dielectric layer 
on the surface. Thereafter, the capacitance in 30% sulfuric acid and the LC value in an aqueous 20% phosphoric acid 
solution were measured. The results obtained are shown in Table 20. 



TABLE 20 





Rhenium Content (mol%) 


Nitrogen Content (mass %) 


Capacitance (u,F#V/g) 


LC (uA/g) 


Example 129 


0.9 


0.02 


124000 


28 


Example 130 


0.9 


0.11 


125000 


25 


Example 131 


0.9 


0.27 


125000 


22 


Example 132 


0.9 


0.45 


124000 


22 


Example 133 


0.9 


0.79 


125000 
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Examples 134 to 136 



[0259] In order to obtain a sintered body comprising a mixture of rhenium-containing niobium powder and niobium 
powder, a rhenium-containing niobium powder containing 1 0 mol% of rhenium and having a mean particle size of 1 .0 
u.m was obtained in the same manner as in Example 94. 

[0260] Separately, into a nickel-made crucible, 2,000 g of potassium fluoroniobate thoroughly dried in a vacuum at 
80°C and sodium in a molar amount of 1 0 times the potassium fluoroniobate were charged and allowed to perform a 
reduction reaction at 1, 000°C for 20 hours in an argon atmosphere. After the completion of reaction, the reduction 
product was cooled, washed with water, washed with 95% sulfuric acid and then with water in sequence, dried in a 
vacuum and pulverized for 40 hours using a ball mill of an alumina pot containing silica alumina balls. The pulverized 
product was dipped and stirred in a 3:2 (by mass) mixed sol ution of 50% nitric acid and 1 0% aqueous hydrogen peroxide. 
Thereafter, the pulverized product was thoroughly washed with water until the pH reached 7 to remove impurities, and 
dried in a vacuum. The produced niobium powder had a mean particle size of 1 .2 urn. 

[0261] The thus-obtained rhenium-containing niobium powder was thoroughly mixed with niobium powder at a ratio 
shown in Table 21 and the resulting mixtures each was granulated, molded and sintered in the same manner as in 
Example 94 to obtain sintered bodies. The capacitance and the LC value of each sintered body were measured and 
the results obtained are shown in Table 21 . 
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Examples 137 to 139 

[0262] In order to obtain a sintered body of rhenium-containing niobium nitride comprising a mixture of rhenium- 
containing niobium powder and niobium powder, rhenium-containing niobium powder containing 10 mol% of rhenium 

5 and having a mean particle size of 1 .0 u.m was obtained in the same manner as in Example 94. Separately, 50 g of a 
niobium ingot was placed in an SUS 304-made reactor and hydrogen was continuously introduced thereinto at 400°C 
for 1 2 hours. After cooling, the hydrogenated niobium cake was placed in an SUS 304-made pot containing iron-made 
balls and pulverized for 1 0 hours. This pulverized product was charged into the same SUS 304-made reactor as above 
and again hydrogenated under the above-described conditions. Thereafter, this hydride was formed into a 20 vol% 

10 slurry with water, charged together with zirconia balls into an SUS 304-made spike mill, and wet-pulverized for 6 hours. 
[0263] The resulting slurry was subjected to centrifugal sedimentation and decanted to obtain a pulverized product. 
The pulverized product was dried in a vacuum under the conditions of 1.33X10 2 Pa and 50°C. Subsequently, the 
hydrogenated niobium powder was dehydrogenated under heating in a vacuum of 133X10" 2 Pa at400°Cfor 1 hour. 
The manufactured niobium powder had a mean particle size of 1.1 u.m. 

15 [0264] The thus-obtained rhenium-containing niobium powder was thoroughly mixed with niobium powder at an ar- 
bitrary ratio and after obtaining nitrides in the same manner as in Example 131, the nitrides each was granulated, 
molded and sintered to obtain sintered bodies. The capacitance and the LC value of each sintered body were measured 
and the results obtained are shown in Table 21 . 



Table 21 





Type of Niobium Powder 


Mixing Ratio (rhenium- 
containing niobium powder : 
niobium powder) 


Capacitance (uF»V/g) 


LC (uA/g) 


Example 1 34 


Reduced powder 


90:10 


104000 


45 


Example 135 


Reduced powder 


50:50 


110000 


41 


Example 136 


Reduced powder 


10:90 


114000 


26 


Example 137 


Pulverized powder 


80:20 


104000 


46 


Example 138 


Pulverized powder 


40:60 


111000 


38 


Example 139 


Pulverized powder 


20:80 


115000 


25 



Examples 140 and 141 

35 

[0265] 50 Units of sintered bodies were prepared in each of Example 140 and Example 141 in the same manner as 
in Example 94 and Example 116, respectively. These sintered bodies each was electrochemically formed using an 
aqueous 0.1% phosphoric acid solution at a voltage of 20 V for 200 minutes to form an oxide dielectric film on the 
surface. Subsequently, an operation of dipping each sintered body in an aqueous 60% manganese nitrate solution and 

40 then heating it at 220°C for 30 minutes was repeated to form a manganese dioxide layer as the other electrode (counter 
electrode) layer on the oxide dielectric film. On this counter electrode layer, a carbon layer and a silver paste layer 
were stacked in this order. After mounting a lead frame thereon, the device as a whole was molded with an epoxy resin 
to manufacture a chip-type capacitor. The average capacitance and the average LC value of the chip-type capacitors 
(n=50 units in each Example) are shown in Table 22. The LC value is a value measured at room temperature by applying 

45 a voltage of 6.3 V for 1 minute. 

Examples 142 and 143 

[0266] 50 Units of sintered bodies were prepared in each of Example 142 and Example 143 in the same manner as 
so in Example 95 and Example 128, respectively. These sintered bodies each was electrochemically formed using an 
aqueous 0.1% phosphoric acid solution at a voltage of 20 V for 200 minutes to form an oxide dielectric film on the 
surface. Subsequently, an operation of dipping each sintered body in a mixed solution of an aqueous 35% lead acetate 
solution and an aqueous 35% ammonium persulfate solution (1 :1 by volume) and then allowing the reaction to proceed 
at 40°C for 1 hour was repeated to form a mixed layer of lead dioxide and lead sulfate as the other electrode (counter 
55 electrode) on the oxide dielectric film. On this counter electrode layer, a carbon layer and a silver paste layer were 
stacked in this order. After mounting a lead frame thereon, the device as a whole was molded with an epoxy resin to 
manufacture a chip-type capacitor. The average capacitance and the average LC value of the chip-type capacitors 



39 
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(n=50 units in each Example) are shown in Table 22. The LC value is a value measured at room temperature by applying 
a voltage of 6.3 V for 1 minute. 

Examples 144 to 147 

5 

[0267] 50. Units of sintered bodies were prepared in each of Example 1 44, Example 1 45, Example 1 46 and Example 
147 in the same manner as in Example 96, Example 115, Example 132 and Example 97, respectively. These sintered 
bodies each was electrochemically formed'using an aqueous 0.1% phosphoric acid solution at a voltage of 20 V for 
200 minutes to form an oxide dielectric film on the surface. Subsequently, an operation of contacting the oxide dielectric 

10 film with an equivalent-mass mixed solution of an aqueous 10% ammonium persulfate solution and an aqueous 0.5% 
anthraquinonesulfonic acid solution and then with a pyrrole vapor was repeated at least 5 times, whereby the other 
electrode (counter electrode) comprising polypyrrole was formed on the oxide dielectric film. 
[0268] On this counter electrode, a carbon layer and a silver paste layer were stacked in this order. After mounting 
a lead frame thereon, the device as a whole was molded with an epoxy resin to manufacture a chip-type capacitor. 

15 The average capacitance and the average LC value of the chip-type capacitors (n=50 units in each Example) are 
shown in Table 22. The LC value is a value measured at room temperature by applying a voltage of 6.3 V for 1 minute. 

Examples 148 to 153 

20 [0269] 50 Units of sintered bodies were prepared in each of Example 148, Example 149, Example 150, Example 
151, Example 152 and Example 153 in the same manner as in Example 114, Example 122, Example 123, Example 
124, Example 131 and Example 136, respectively: These sintered bodies each was electrochemically formed using 
an aqueous 0.1 % phosphoric acid solution at a voltage of 20 V for 200 minutes to form an oxide dielectric film on the 
surface. Subsequently, the niobium sintered body was dipped into an aqueous solution containing 25% by mass of 

ss ammonium persulfate (Solution 1), then pulled up and dried at 80°C for 30 minutes. Thereafter, the sintered body 
having formed thereon a dielectric material was dipped in an isopropanol solution containing 18% by mass of 3,4-eth- 
ylenedioxythiophene (Solution 2), then pulled up and left standing in an atmosphere of 60°C for 10 minutes to allow 
the oxidation-polymerization to proceed. The resulting sintered body was again dipped in Solution 1 and then treated 
in the same manner as above. The operation from the dipping in Solution 1 until the oxidation polymerization was 

30 repeated 8 times. Then, the sintered body was washed with hot water at 50°C for 1 0 minutes and dried at 1 00°C for 
30 minutes, whereby the other electrode (counter electrode) comprising electrically conducting poly(3,4-ethylenediox- 
ythiophene) was formed. 

[0270] On this counter electrode, a carbon layer and a silver paste layer were stacked in this order. After mounting 
a lead frame thereon, the device as a whole was molded with an epoxy resin to manufacture a chip-type capacitor. 
35 The average capacitance and the average LC value of the chip-type capacitors (n=50 units in each Example) are 
shown in Table 22. The LC value is a value measured at room temperature by applying a voltage of 6.3 V for 1 minute. 

Comparative Examples 30 to 32 

40 [0271] Into a nickel-made crucible, 2,000 g of potassium fluoroniobate thoroughly dried in a vacuum at 80°C and 
sodium in a molar amount of 10 times the potassium fluoroniobate were charged and allowed to perform a reduction 
reaction at 1 ,000°C for 20 hours in an argon atmosphere. After the completion of reaction, the reduction product was 
cooled, washed with water, washed with 95% sulfuric acid and then with water in sequence, dried in a vacuum and 
pulverized for 40 hours using a ball mill of an alumina pot containing silica alumina balls. The pulverized product was 

45 dipped and stirred in a 3:2 (by mass) mixed solution of 50% nitric acid and 1 0% aqueous hydrogen peroxide. Thereafter, 
the pulverized product was thoroughly washed with water until the pH reached 7 to remove impurities, and dried in a 
vacuum. The manufactured niobium powder had a mean particle size of 1 .3 u.m. Into an SUS 304-made reactor, 30 g 
of the thus-obtained niobium powder was charged and thereinto, nitrogen was continuously introduced at 300°C for 
0.5 to 4 hours to obtain niobium nitrides. The nitrogen amount of each nitride was determined using the nitrogen amount 

so measuring apparatus manufactured by LECO which determines the nitrogen amount from the thermal conductivity. 
The ratio of the measured value to the separately measured mass of powder was designated as the nitrided amount, 
as a result, the nitrided amount here was from 0.02 to 0.30% by mass. Each niobium nitride was granulated, molded 
and sintered in the same manner as in Example 1 to obtain a sintered body. 

[0272] The thus-obtained 50 units of sintered bodies each was electrochemically formed using an aqueous 0.1% 
55 phosphoric acid solution at a voltage of 20 V for 200 minutes to form an oxide dielectric film on the surface. Thereafter, 
an operation of dipping the sintered body in an aqueous 60% manganese nitrate solution and then heating it at 220°C 
for 30 minutes was repeated to form a manganese dioxide layer as the other electrode (counter electrode) layer on 
the oxide dielectric film. On this counter electrode layer, a carbon layer and a silver paste layer were stacked in this 
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order. After mounting a lead frame thereon, the device as a whole was molded with an epoxy resin to manufacture a 
chip-type capacitor. The average capacitance and the average LC value of the chip-type capacitors (n=50 units in each 
Example) are shown in Table 22. The LC value is a value measured at room temperature by applying a voltage of 6.3 
V for 1 minute. 

5 

Comparative Examples 33 to 35 

[0273] In an SUS 304-made reactor, 50 g of a niobium ingot was placed and thereinto, hydrogen was continuously 
introduced at 400°C for 1 2 hours. After cooling, the hydrogenated niobium cake was placed in an SUS 304-made pot 

10 containing iron-made balls and pulverized for 10 hours. This pulverized product was charged into the same SUS 
304-made reactor as above and again hydrogenated under the above-described conditions. Thereafter, this hydride 
was formed into a 20 vol% slurry with water, charged together with zirconia balls into an SUS 304-made wet grinding 
machine ("Atritor", trade name), and wet-pulverized for 6 hours. The resulting slurry was subjected to centrifugal sed- 
imentation and decanted to obtain a pulverized product. The pulverized product was dried in a vacuum of 1 .33x1 0 2 

15 Pa at 50°C. Subsequently, the hydrogenated niobium powder was dehydrogenated under heating in a vacuum of 
1.33X10" 2 Paat400°Cfor 1 hour. The manufactured niobium powder had a mean particle size of 1.0 u.m. Into an SUS 
304-made reactor, 30 g of the obtained niobium powder was charged and thereinto, nitrogen was continuously intro- 
duced at 300°C for 0.5 to 3 hours to obtain niobium nitrides. The nitrogen amount of each nitride was determined using 
a nitrogen amount measuring apparatus manufactured by LECO which determines the nitrogen amount from the ther- 

20 mal conductivity. The ratio of the measured value to the separately measured mass of powder was designated as the 
nitrided amount, as a result, the nitrided amount here was from 0.03 to 0.28% by mass. Each niobium nitride was 
granulated, molded and sintered in the same manner as in Example 94 to obtain a sintered body. 
[0274] The thus-obtained 50 units of sintered bodies each was electrochemically formed using an aqueous 0.1% 
phosphoric acid solution at a voltage of 20 V for 200 minutes to form an oxide dielectric film on the surface. Thereafter, 

25 an operation of contacting the oxide dielectric film with an equivalent-mass mixed solution of an aqueous 10% ammo- 
nium persulfate solution and an aqueous 0.5% anthraquinone sulfonic acid solution and then with a pyrrole vapor was 
repeated at least 5 times, whereby the other electrode (counter electrode) comprising polypyrrole was formed on the 
oxide dielectric film. On this counter electrode, a carbon layer and a silver paste layer were stacked in this order. After 
mounting a lead frame thereon, the device as a whole was molded with an epoxy resin to manufacture a chip-type 

30 capacitor. The average capacitance and the average LC value of the chip-type capacitors (n=50 units in each Example) 
are shown in Table 22. The LC value is a value measured at room temperature by applying avoltage of 6.3 Vforl minute. 



TABLE 22 





Nitrogen Content (wt%) 


Capacitance (u.F) 


LC (uA) 


Number of Units Having 
LC in Excess of 100 u.A 


Example 140 




502 


17 


0/50 


Example 141 




689 


39 


0/50 


Example 142 




473 


16 


0/50 


Example 143 




507 


15 


0/50 


Example 144 




447 


18 


0/50 


Example 145 




1058 


83 


0/50 


Example 146 


0.45 


558 


15 


0/50 


Example 147 




468 


20 


0/50 


Example 148 




497 


14 


0/50 


Example 149 




474 


22 


0/50 


Example 150 




483 


19 


0/50 


Example 151 




498 


20 


0/50 


Example 152 


0.28 


544 


16 


0/50 


Example 153 




473 


19 


0/50 


Comparative Example 30 


0.02 


399 


46 


1/50 



41 
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TABLE 22 (continued) 





Nitrogen Content (wt%) 


Capacitance (u.F) 


LC(nA) 


Number of Units Having 
LC in Excess of 100 uA 


Comparative xample 31 


0.09 


393 


42 


1/50 


ComparativeE xample 32 


0.30 


384 


30 


0/50 


Comparative Example 33 


0.03 


454 


48 


1/50 


Comparative Example 34 


0.14 


449 


44 


0/50 


Comparative Example 35 


0.28 


459 


40 


0/50 



Example 154 

15 [0275] Using 1 84 g of a niobium ingot and 2.8 g of lanthanum powder, a lanthanum-containing niobium ingot (alloy) 
having a lanthanum content of 1 mol% was produced by arc melting. In an SUS 304-made reactor, 50 g of the obtained 
ingot was placed and hydrogen was continuously introduced thereinto at 400°C for 1 0 hours. After cooling, the hydro- 
genated lanthanum-containing niobium cake was placed in an SUS 304-made pot containing SUS-made balls and 
pulverized for 10 hours. Thereafter, this hydride was formed into a 20 vol% slurry with water, charged together with 

20 zirconia balls into an SUS 304-made spike mill, and wet-pulverized for 7 hours. The resulting slurry was subjected to 
centrifugal sedimentation and decanted to obtain a pulverized product. The pulverized product was dried under reduced 
pressure in the conditions of 1 .33x1 0 2 Pa and 50°C. 

[0276] Subsequently, the hydrogenated lanthanum-containing niobium powder was dehydrogenated under heating 
at 1 .33X 1 0" 2 Pa and 400°C for 1 hour. The produced lanthanum-containing niobium powder had a mean particle size 
25 of 1 .0 u.m and the lanthanum content thereof was 1 mol%. The thus-obtained lanthanum-containing niobium powder 
was granulated under reduced pressure of 4x1 0" 3 Pa at 1,100°C. Thereafter, the granulated cake was pulverized to 
obtain a granulated powder having a mean particle size of 100 urn. 

[0277] The thus-obtained lanthanum-containing niobium granulated powder was molded together with a 0.3-mm<t> 
niobium lead wire to manufacture a molded article having a size of approximately 0.3X0.18x0.45 cm (weighing about 
30 0.1 g). 

[0278] This molded article was allowed to stand under reduced pressure of 4x10' 3 Pa at 1 ,200°C for 30 minutes 
and thereby, a sintered body was obtained. The sintered body obtained was electrochemically formed in an aqueous 
0.1 % phosphoric acid solution at a temperature of 80°C for 200 minutes by applying a voltage of 20 V to form a dielectric 
layer on the surface. Thereafter, the capacitance in 30% sulfuric acid and the leakage current (hereinafter simply 
35 referred to as "LC") in an aqueous 20% phosphoric acid solution were measured. The results obtained are shown in 
Table 23 (No.1 and No.2). 

Examples 155 to 195 

40 [0279] In the above-described manufacture of a niobium sintered body comprising at least one element of rubidium, 
cesium, magnesium, strontium, barium, scandium, yttrium, lanthanum, praseodymium, samarium, europium, gadolin- 
ium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium, hafnium, vanadium, osmium, iridium, plati- 
num, gold, cadmium, mercury, lead, sulfur, selenium and tellurium, a powder of rubidium, cesium, magnesium, stron- 
tium, barium, scandium, yttrium, lanthanum, praseodymium, samarium, europium, gadolinium, terbium, dysprosium, 

45 holmium, erbium, thulium, ytterbium, lutetium, hafnium, vanadium, osmium, iridium, platinum, gold, cadmium, mercury, 
lead, sulfur, selenium or tellurium and a niobium powder were used at an arbitrary ratio to produce niobium ingots 
containing at least one element of rubidium, cesium, magnesium, strontium, barium, scandium, yttrium, lanthanum, 
praseodymium, samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium, 
hafnium, vanadium, osmium, iridium, platinum, gold, cadmium, mercury, lead, sulfur, selenium and tellurium by arc 

50 melting. Thereafter, 500 g of each ingot was pulverized using the same apparatus as in Example 154 by changing the 
pulverization time. Using the thus-obtained niobium powder containing at least one element selected from the group 
consisting of rubidium, cesium, magnesium, strontium, barium, scandium, yttrium, lanthanum, praseodymium, samar- 
ium, europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium, hafnium, vanadium, 
osmium, iridium, platinum, gold, cadmium, mercury, lead, sulfur, selenium and tellurium, sintered bodies were manu- 

55 factured and each was measured on the capacitance and LC. The results obtained are shown in Table 23 (No.1 and 
No.2). 
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Comparative Examples 36 to 39 

[0280] For the purpose of comparison with Examples 154 to 195, four kinds of niobium powder not containing any 
of rubidium, cesium, magnesium, strontium, barium, scandium, yttrium, lanthanum, praseodymium, samarium, euro- 
5 pium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium, hafnium, vanadium, osmium, 
iridium, platinum, gold, cadmium, mercury, lead, sulfur, selenium and tellurium and having a different mean particle 
size were produced in the same manner as in Example 1 54. Using the produced niobium powder, sintered bodies were 
manufactured and measured on the capacitance and LC. The results obtained are shown in Table 23(No.1 and No.2). 



TABLE 23 (No. 1) 







Composition 


Mean Particle 
Size (urn) 


Capacitance 
(uf«V/g) 


LC(jWg) 






Element 


Molar Ratio 








15 


Example 154 


Nb:La 


99:1 


1.0 


108000 


21 




Example 155 


Nbta 


99:1 


0.5 


228000 


125 




Example 156 


Nbla 


99:1 


0.7 


151000 


55 


20 


Example 157 


Nb:La 


99:1 


1,3 


92000 


11 


Example 158 


Nb:Sc 


99.9:0.1 


1.0 


106000 


36 




Example 159 


Nb:Y 


97:3 


1.0 


106000 


23 




Example 1 60 


Nb:Pr 


99:1 


1.0 


105000 


32 


25 


Example 161 


Nb:Sm 


99:1 


1.0 


107000 


37 




Example 1 62 


Nb:Eu 


99.5:0.5 


1.0 


104000 


39 




Example 163 


Nb:Gd 


98.5:1.5 


1.0 


103000 


40 


30 


Example 164 


Nb:Tb 


99.8:0.2 


1.0 


105000 


41 




Example 165 


Nb:Dy 


99:1 


1.0 


107000 


39 




Example 166 


Nb:Ho 


99:7:0.3 


1.0 


106000 


44 




Example 167 


Nb;Er 


99.5:0.5 


1.0 


106000 


25 


35 


Example 1 68 


Nb:Tm 


99.8:0.2 


1.0 


103000 


37 




Example 1 69 


Nb:Yb 


97:3 


1.0 


105000 


26 




Example 1 70 


Nblu 


95:5 


1.0 


104000 


27 


40 


Example 171 


Nb:Hf 


93:7 


1.0 


105000 


35 




Example 172 


Nb:V 


99.9:0.1 


1.0 


109000 


48 




Example 1 73 


Nb:Os 


99.9:0.1 


1.0 


107000 


43 




Example 1 74 


Nb:lr 


99.9:0.1 


1.0 


107000 


44 


45 


Example 1 75 


Nb:Pt 


99.8:0.2 


1.0 


102000 


37 




Example 176 


Nb:Au 


99.8:0.2 


1.0 


101000 


41 




Example 1 77 


Nb:Cd 


99.7:0.3 


1.0 


109000 


35 


50 


Example 1 78 


Nb:Hg 


99.9:0.1 


1.0 


101000 


43 




Example 179 


Nb:Pb 


99.9:0.1 


1.0 


102000 


36 




Example 180 


Nb:S 


95:5 


1.0 


108000 


35 




Example 181 


Nb:Se 


99:1 


1.0 


108000 


35 


55 


Example 182 


Nb:Te 


98:2 


1.0 


107000 


28 




Example 183 


Nb:Hf:Lu 


92.9:7:0.1 


0.7 


145000 


75 



43 
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TABLE 23 (No.1) (continued) 





Composition 


Mean Particle 
Size (urn) 


Capacitance 
(nF«V/g) 


LC(uA/g) 


Element 


Molar Ratio 


Example 184 


Nb:Cs 


99.95:0.05 


0.7 


153000 


120 


Example 185 


Nb:Y:Mg 


97,99:2: 0.01 


0.7 


150000 


81 


Example 186 


Nb:Er:Sr 


95.9:4:0.1 


0.7 


146000 


132 


Example 187 


Nb:Yb:Ba 


96.9:3:0.1 


0.7 


151000 


143 


Example 188 


Nb:La:Hf 


93:1:6 


0.5 


210000 


133 


Example 189 


Nb:Y:La:Lu 


97.5:1:1:0.5 


0.5 


225000 


156 


Example 190 


Nb:La:Er:Yb 


96.5:2: 0.5:1 


0.5 


208000 


161 


Example 1 91 


Nb:Hf:Te 


93:1:5:1 


0.5 


213000 


171 


Example 1 92 


Nb:Y:Os:lr 


96.5:2: 0.5:1 


1.0 


107000 


45 


Example 193 


Nb:La:Cd:S 


93.4:1.5:0.1:5 


1.0 


106000 


39 


Example 194 


Nb:Er:Hf:Te 


95:0.5:4:0 .5 


0.7 


154000 


66 


Example 195 


Nb:Gd:Yb:Lu:Se 


98:0.5:0.5: 0.5:0.5 




143000 


78 


Comp. Example 


Nb 


100 


0.5 


182000 


2120 


Comp. Example 


Nb 


100 


0.7 


120000 


1074 


Comp. Example 
38 


Nb 


100 


1.0 


87000 


424 


Comp. Example 
39 


Nb 


100 


1.3 


74000 


233 



Examples 196 to 202 

[0281] In order to change the lanthanum content of the lanthanum-containing niobium powder, lanthanum-containing 
niobium ingots having a lanthanum content of 0.01 to 20 mol% were produced by varying the amounts of niobium and 
lanthanum processed by the arc melting. Thereafter, using 500 g of each of the lanthanum-containing niobium ingots 
having respective lanthanum concentrations, sintered bodies were manufactured by the same operation as in Example 
154 and each was measured on the capacitance and LC. The results obtained are shown in Table 24. 



TABLE 24 





Lanthanum 
Content (mol%) 


Mean Particle 
Size (urn) 


Sintering Temp. 
(°C) 


Capacitan ce 
(u.F-»V/g) 


LC (nA/g) 


Comp. Example 
38 


0.00 


1.0 


1200 


87000 


424 


Example 196 


0.01 


1.0 


1200 


95000 


65 


Example 197 


0.1 


1.0 


1200 


106000 


33 


Example 154 


1 


1.0 


1200 


108000 


21 


Example 198 


2 


1.0 


1200 


110000 


23 


Example 1 99 


3 


1.0 


1200 


109000 


23 


Example 200 


7 


1.0 


1200 


109000 


30 


Example 201 


11 


1.0 


1200 


85000 


59 
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TABLE 24 (continued) 







Lanthanum 


Mean Particle 


Sintering Temp. 


Capacitan ce 


LC (uA/g) 






Content (mol%) 


Size (p.m) 


CO 


(u.F-»V/g) 




5 


Example 202 


20 


1.0 


1200 


79000 


66 



Examples 203 to 207 

[0282] In an SUS 304-made reactor, 1 ,000 g of a niobium ingot was placed and hydrogen was continuously introduced 
thereinto at 400°C for 10 hours. After cooling, the hydrogenated niobium cake was placed in an SUS 304-made pot 
containing SUS-made balls and pulverized for 1 0 hours. Thereafter, this hydride was formed into a 20 vol% slurry with 
water, charged together with zirconia balls into an SUS 3 04-made spike mill, and wet-pulverized for 7 hours. The 
resulting slurry was subjected to centrifugal sedimentation and decanted to obtain a pulverized product. The pulverized 
product was dried under reduced pressure in the conditions of 1 .3x1 0 2 Pa and 50°C. Subsequently, the hydrogenated 
niobium powder was dehydrogenated under heating at 1.3X10' 2 Pa and 400°C for 1 hour. The manufactured niobium 
powder had a mean particle size of 1 .0 urn. Into this niobium powder, any one of lanthanum oxide, lanthanum oxalate, 
hydrogenated lanthanum, lanthanum nitrate and lanthanum (metal) each having a mean particle size of about 1 urn 
was mixed at an arbitrary ratio. The obtained lanthanum-containing niobium powder was granulated under reduced 
pressure of 4x10" 3 Pa at 1,050°C. Thereafter, the granulated cake was pulverized to obtain a granulated powder 
having a mean particle size of 90 u,m. The thus-obtained lanthanum-containing niobium granulated powder was molded 
together with a 0.3-mm<|> niobium wire to manufacture a molded article having a size of approximately 0.3X0.18X0.45 
cm (weighing about 0.1 g) . Subsequently, these molded articles were allowed to stand under reduced pressure of 
4x 1 0" 3 Pa at 1 ,250°C for 30 minutes to obtain sintered bodies. The resulting sintered bodies each was electrochem- 
ically formed in an aqueous 0.1% phosphoric acid solution at a temperature of 80°C for 200 minutes by applying a 
voltage of 20 V to form a dielectric layer on the surface. Thereafter, the capacitance in 30% sulfuric acid and the LC 
in an aqueous 20% phosphoric acid solution were measured. The results obtained are shown in Table 25. 



TABLE 25 





Species of Lanthanum 


Lanthanum Content (mol%) 


Capacitance (jiF^V/g) 


LC (uA/g) 


Example 203 


lanthanum oxide 


0.5 


109000 


29 


Example 204 


lanthanum oxalate 


1.2 


112000 


23 


Example 205 


hydrogenated lanthanum 


3.5 


113000 


22 


Example 206 


lanthanum nitrate 


0.8 


108000 


29 


Example 207 


lanthanum 


1.1 


108000 


26 



Examples 208 to 212 

40 

[0283] In order to obtain a lanthanum-containing niobium nitride, 10 g of lanthanum-containing niobium powder con- 
taining 0.9 mol% of lanthanum and having a mean particle size of 0.9 urn was manufactured in the same manner as 
in Example 154 and charged into an SUS 304-made reactor and thereinto, nitrogen was continuously introduced at 
300°C for 0.5 to 20 hours to obtain lanthanum-containing niobium nitrides. The nitrogen amount of each nitride was 

45 determined using a nitrogen amount measuring apparatus manufactured by LECO which determines the nitrogen 
amount from the thermal conductivity. The ratio of the measured value to the separately measured mass of powder 
was designated as the nitrided amount. The nitrided amount here was from 0.02 to 0.81% by mass. 
[0284] The thus-obtained lanthanum-containing niobium nitrides each was granulated, molded and sintered in the 
same manner as in Example 154 and each sintered body obtained was electrochemically formed in an aqueous 0.1% 

so phosphoric acid solution at a temperature of 80°C for 200 minutes by applying a voltage of 20 V to form a dielectric 
layer on the surface. Thereafter, the capacitance in 30% sulfuric acid and the LC value in an aqueous 20% phosphoric 
acid solution were measured. The results obtained are shown in Table 26. 



TABLE 26 





Lanthanum Content (mol%) 


Nitrogen Content (mass%) 


Capacitance (nF#V/g) 


LC (aA/g) 


Example 208 


0.9 


0.02 


120000 


29 



45 
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TABLE 26 (continued) 





Lanthanum Content (mol%) 


Nitrogen Content (mass%) 


Capacitance (u.F»V/g) 


LC OiA/g) 


Example 209 


0.9 








Example 210 


0.9 


0.26 


121000 


19 


Example 211 


0.9 


0.45 


124000 


23 


Example 212 


0.9 


0.81 


120000 


24 



Examples 213 to 215 

[0285] In order to obtain a sintered body comprising a mixture of lanthanum-containing niobium powder and niobium 
powder, a lanthanum-containing niobium powder containing 10 mol% of lanthanum and having a mean particle size 
of 1 .0 |im was obtained in the same manner as in Example 154. 

[0286] Separately, into a nickel-made crucible, 2,000 g of potassium fluoroniobate thoroughly dried under reduced 
pressure at 80°C and sodium in a molar amount of 1 0 times the potassium fluoroniobate were charged and allowed 
to perform a reduction reaction at 1 ,000°C for 20 hours in an argon atmosphere. After the completion of reaction, the 
reduction product was cooled, washed with water, washed with 95% sulfuric acid and then with water in sequence, 
dried under reduced pressure and pulverized for 40 hours using a ball mill of an alumina pot containing silica alumina 
balls. The pulverized product was dipped and stirred in a 3:2 (by mass) mixed solution of 50% nitric acid and 10% 
aqueous hydrogen peroxide. Thereafter, the pulverized product was thoroughly washed with water until the pH reached 
7 to remove impurities, and dried under reduced pressure. The produced niobium powder had a mean particle size of 
1.2 u.m. 

[0287] The thus-obtained lanthanum-containing niobium powder was thoroughly mixed with niobium powder at a 
ratio shown in Table 27 and the resulting mixtures each was granulated, molded and sintered in the same manner as 
in Example 154 to obtain sintered bodies. The capacitance and the LC value of each sintered body were measured 
and the results obtained are shown in Table 27. 

Examples 21 6 to 21 8 

[0288] In order to obtain a sintered body of lanthanum-containing niobium nitride comprising a mixture of lanthanum- 
containing niobium powder and niobium powder, lanthanum-containing niobium powder containing 1 0 mol% of lantha- 
num and having a mean particle size of 1 .0 urn was obtained in the same manner as in Example 1 . Separately, 50 g 
of a niobium ingot was placed in an SUS 304-made reactor and hydrogen was continuously introduced thereinto at 
400°C for 12 hours. After cooling, the hydrogenated niobium cake was placed in an SUS 304-made pot containing 
iron-made balls and pulverized for 1 0 hours. This pulverized product was charged into the same SUS 304-made reactor 
as above and again hydrogenated under the above-described conditions. Thereafter, this hydride was formed into a 
20 vol% slurry with water, charged together with zirconia balls into an SUS 304-made spike mill, and wet-pulverized 
for 6 hours. 

[0289] The resulting slurry was subjected to centrifugal sedimentation and decanted to obtain a pulverized product. 
The pulverized product was dried under reduced pressure in the conditions of 1 .3X10 2 Pa and 50°C. Subsequently, 
the hydrogenated niobium powder was dehydrogenated under heating under reduced pressure of 1.33X10" 2 Pa at 
400°C for 1 hour. The manufactured niobium powder had a mean particle size of 1.1 u.m. 

[0290] The thus-obtained lanthanum-containing niobium powder was thoroughly mixed with niobium powder at an 
arbitrary ratio and after obtaining nitrides in the same manner as in Example 210, the nitrides each was granulated, 
molded and sintered to obtain sintered bodies. The capacitance and the LC value of each sintered body were measured 
and the results obtained are shown in Table 27. 



TABLE 27 





Mixing ratio (lanthanum-containing niobium powder : 
niobium powder) 


Capacitance (u.F»V/g) 


LC (uA/g) 


Example 213 


90:10 


91000 


41 


Example 214 


50:50 


102000 


30 


Example 215 


10:90 


108000 


22 



46 
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TABLE 27 (continued) 





Mixing ratio (lanthanum-containing niobium powder : 
niobium powder) 


Capacitance (u.F#V/g) 


LC (uA/g) 


Example 21 6 


80:20 


94000 


34 


Example 21 7 


40:60 


102000 


25 


Example 21 8 


20:80 


108000 


19 



10 Examples 21 9 and 220 

[0291] 50 Units of sintered bodies were prepared in each of Example 219 and Example 220 in same manner as in 
Example 154 and Example 182, respectively. These sintered bodies each was electrochemically oxidized using an 
aqueous 0.1 % phosphoric acid solution at a voltage of 20 V for 6 hours to form an oxide dielectric film on the surface. 

15 Subsequently, an operation of dipping each sintered body in an aqueous 60% manganese nitrate solution and then 
heating it at 220°C for 30 minutes was repeated to form a manganese dioxide layer as the other electrode (counter 
electrode) layer on the oxide dielectric film. On this counter electrode layer, a carbon layer and a silver paste layer 
were stacked in this order. After mounting a lead frame thereon, the device as a whole was molded with an epoxy resin 
to manufacture a chip-type capacitor. The average capacitance and the average LC value of the chip-type capacitors 

20 (n=50 units in each Example) are shown in Table 28. The LC value is a value measured at room temperature by applying 
a voltage of 6.3 V for 1 minute. 

Examples 221 and 222 

25 [0292] 50 Units of sintered bodies were prepared in each of Example 221 and Example 222 in same manner as in 
Example 159 and Example 204, respectively. These sintered bodies each was electrochemically oxidized using an 
aqueous 0.1 % phosphoric acid solution at a voltage of 20 V for 6 hours to form an oxide dielectric film on the surface. 
Subsequently, an operation of dipping each sintered body in a mixed solution of an aqueous 35% lead acetate solution 
and an aqueous 35% ammonium persulfate solution (1 :1 by volume) and then allowing the reaction to proceed at 40°C 

30 for 1 hour was repeated to form a mixed layer of lead dioxide and lead sulfate as the other electrode (counter electrode) 
layer on the oxide dielectric film. On this counter electrode layer, a carbon layer and a silver paste layer were stacked 
in this order. After mounting a lead frame thereon, the device as a whole was molded with an epoxy resin to manufacture 
a chip-type capacitor. The average capacitance and the average LC value of the chip-type capacitors (n=50 units in 
each Example) are shown in Table 28. The LC value is a value measured at room temperature by applying a voltage 

35 of 6.3 V for 1 minute. 

Examples 223 to 226 

[0293] 50 Units of sintered bodies were prepared in each of Example 223, Example 224, Example 225 and Example 
40 226 in same manner as in Example 167, Example 189, Example 211 and Example 215, respectively. These sintered 
bodies each was electrochemically oxidized using an aqueous 0.1% phosphoric acid solution at a voltage of 20 V for 
6 hours to form an oxide dielectric film on the surface. Subsequently, an operation of contacting the oxide dielectric 
film with an equivalent-mass mixed solution of an aqueous 1 0% ammonium persulfate solution and an aqueous 0.5% 
anthraquinonesulfonic acid solution and then with a pyrrole vapor was repeated at least 5 times, whereby the other 
45 electrode (counter electrode) comprising polypyrrole was formed on the oxide dielectric film. 

[0294] On this counter electrode, a carbon layer and a silver paste layer were stacked in this order. After mounting 
a lead frame thereon, the device as a whole was molded with an epoxy resin to manufacture a chip-type capacitor. 
The average capacitance and the average LC value of the chip-type capacitors (n=50 units in each Example) are 
shown in Table 28. The LC value is a value measured at room temperature by applying a voltage of 6.3 V for 1 minute. 

50 

Examples 227 to 231 

[0295] 50 Units of sintered bodies were prepared in each of Example 227, Example 228, Example 229, Example 
230 and Example 231 in same manner as in Example 1 70, Example 1 91 , Example 205, Example 21 0 and Example 
55 21 8, respectively. These sintered bodies each was electrochemically oxidized using an aqueous 0.1% phosphoric acid 
solution at a voltage of 20 V for 6 hours to form an oxide dielectric film on the surface. Subsequently, the niobium 
sintered body was dipped into an aqueous solution containing 25% by mass of ammonium persulfate (Solution 1 ), then 
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pulled up and dried at 80°C for 30 minutes. Thereafter, the sintered body having formed thereon a dielectric material 
was dipped in an isopropanol solution containing 1 8% by mass of 3,4-ethylenedioxythiophene (Solution 2), then pulled 
up and left standing in an atmosphere of 60°C for 10 minutes to allow the oxidation-polymerization to proceed. The 
resulting sintered body was again dipped in Solution 1 and then treated in the same manner as above. The operation 

5 from the dipping in Solution 1 until the oxidation polymerization was repeated 8 times. Then, the sintered body was 
washed with hot water at 50°C for 1 0 minutes and dried at 1 00°C for 30 minutes, whereby the other electrode (counter 
electrode) comprising electrically conducting poly(3,4-ethylenedioxythiophene) was formed. 
[0296] On this counter electrode, a carbon layer and a silver paste layer were stacked in this order. After mounting 
a lead frame thereon, the device as a whole was molded with an epoxy resin to manufacture a chip-type capacitor. 

10 The average capacitance and the average LC value of the chip-type capacitors (n=50 units in each Example) are 
shown in Table 28. The LC value is a value measured at room temperature by applying a voltage of 6.3 V for 1 minute. 

Comparative Examples 40 to 42 

15 [0297] Into a nickel-made crucible, 2,000 g of potassium fluoroniobate thoroughly dried under reduced pressure at 
80°C and sodium in a molar amount of 1 0 times the potassium fluoroniobate were charged and allowed to perform a 
reduction reaction at 1,000°C for 20 hours in an argon atmosphere. After the completion of reaction, the reduction 
product was cooled, washed with water, washed with 95% sulfuric acid and then with water in sequence, dried under 
reduced pressure and pulverized for 40 hours using a ball mill of an alumina pot containing silica alumina balls. The 

20 pulverized product was dipped and stirred in a 3:2 (by mass) mixed solution of 50% nitric acid and 10% aqueous 
hydrogen peroxide. Thereafter, the pulverized product was thoroughly washed with water until the pH reached 7 to 
remove impurities, and dried under reduced pressure. The manufactured niobium powder had a mean particle size of 
1 .3 jim. Into an SUS 304-made reactor, 30 g of the thus-obtained niobium powder was charged and thereinto, nitrogen 
was continuously introduced at 300°C for 0.5 to 4 hours to obtain niobium nitrides. The nitrogen amount of each nitride 

25 was determined using the nitrogen amount measuring apparatus manufactured by LECO which determines the nitrogen 
amount from the thermal conductivity. The ratio of the measured value to the separately measured mass of powder 
was designated as the nitrided amount, as a result, the nitrided amount here was from 0.02 to 0.30% by mass. Each 
niobium nitride was granulated, molded and sintered in the same manner as in Example 154 to obtain a sintered body. 
The thus-obtained 50 units of sintered bodies each was electrochemically oxidized using an aqueous 0.1% phosphoric 

30 acid solution at a voltage of 20 V for 6 hours to form an oxide dielectric film on the surface. Thereafter, an operation 
of dipping the sintered body in an aqueous 60% manganese nitrate solution and then heating it at 220°C for 30 minutes 
was repeated to form a manganese dioxide layer as the other electrode (counter electrode) layer on the oxide dielectric 
film. On this counter electrode layer, a carbon layer and a silver paste layer were stacked in this order. After mounting 
a lead frame thereon, the device as a whole was molded with an epoxy resin to manufacture a chip-type capacitor. 

35 The average capacitance and the average LC value of the chip-type capacitors (n=50 units in each Example) are 
shown in Table 28. The LC value is a value measured at room temperature by applying a voltage of 6.3 V for 1 minute. 

Comparative Examples 43 to 45 

40 [0298] In an SUS 304-made reactor, 50 g of a niobium ingot was placed and thereinto, hydrogen was continuously 
introduced at 400°C for 1 2 hours. After cooling, the hydrogenated niobium cake was placed in an SUS 304-made pot 
containing iron-made balls and pulverized for 10 hours. This pulverized product was charged into the same SUS 
304-made reactor as above and again hydrogenated under the above-described conditions. Thereafter, this hydride 
was formed into a 20 vol% slurry with water, charged together with zirconia balls into an SUS 304-made wet grinding 

45 machine ("Atritor", trade name), and wet-pulverized for 6 hours. The resulting slurry was subjected to centrifugal sed- 
imentation and decanted to obtain a pulverized product. The pulverized product was dried under reduced pressure of 
1.33X10 2 Pa at 50°C. Subsequently, the hydrogenated niobium powder was dehydrogenated under heating under 
reduced pressure of 1 .33x1 0" 2 Pa at 400°C for 1 hour. The manufactured niobium powder had a mean particle size 
of 1 .0 urn. Into an SUS 304-made reactor, 30 g of the obtained niobium powder was charged and thereinto, nitrogen 

so was continuously introduced at 300°C for 0.5 to 3 hours to obtain niobium nitrides. The nitrogen amount of each nitride 
was determined using a nitrogen amount measuring apparatus manufactured by LECO which determines the nitrogen 
amount from the thermal conductivity. The ratio of the measured value to the separately measured mass of powder 
was designated as the nitrided amount, as a result, the nitrided amount here was from 0.03 to 0.28%. by mass. Each 
niobium nitride was granulated, molded and sintered in the same manner as in Example 1 54 to obtain a sintered body. 

55 The thus-obtained 50 units of sintered bodies each was electrochemically oxidized using an aqueous 0.1% phosphoric 
acid solution at a voltage of 20 V for 6 hours to form an oxide dielectric film on the surface. Thereafter, an operation 
of contacting the oxide dielectric film with an equivalent-mass mixed solution of an aqueous 1 0% ammonium persul 
fate solution and an aqueous 0.5% anthraquinone sulfonic acid solution and then with a pyrrole vapor was repeated 
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at least 5 times, whereby the other electrode (counter electrode) comprising polypyrrole was formed on the oxide 
dielectric film. On this counter electrode, a carbon layer and a silver paste layer were stacked in this order. After 
mounting a lead frame thereon, the device as a whole was molded with an epoxy resin to manufacture a chip-type 
capacitor. The average capacitance and the average LC value of the chip-type capacitors (n=50 units in each Example) 
5 are shown in Table 28. The LC value is a value measured at room temperature by applying a voltage of 6.3 V for 1 minute. 



TABLE 28 





Nitrogen Content (wt%) 


Capcitance (jiF) 


LC(uA) 


Number of Units Having LC 
in Excess of 1 00 uA 


Example 21 9 




486 


15 


0/50 


Example 220 




471 


20 


0/50 


Example 221 




482 


16 


0/50 


Example 222 




504 


17 


0/50 


Example 223 




480 


18 


0/50 


Example 224 




1012 


109 


0/50 


Example 225 


0.45 


546 


16 


0/50 


Example 226 




488 


15 


0/50 


Example 227 




463 


19 


0/50 


Example 228 




937 


119 


0/50 


Example 229 




509 


15 


0/50 


Example 230 


0.26 








Example 231 




491 


13 


0/50 


Comparative Example 40 


0.02 


398 


47 


4/50 


Comparative Example 41 


0.08 


392 


41 


3/50 


Comparative Example 42 


0.30 


383 


40 


0/50 


Comparative Example 43 


0.03 


455 


47 


2/50 


Comparative Example 44 


0.15 


444 


43 


0/50 


Comparative Example 45 


0.28 


460 


41 


0/50 



Example 232 to 238, Comparative Example 46 to 48 

40 

[0299] Heat resistance of the capacitor were measured as follows. 

[0300] 50 units of the capacitors prepared in each examples and comparative examples shown in Table 29 was 
loaded on a multilayer substrate having a width of 1 .5 mm with soldering. This substrate was passed through reflow 
furnace at 230°C with passing time of 30 seconds with three times repeating operation, and practical heat history (for 

45 example, heat history of three soldering: soldering for parts loaded on the surface of the substrate, soldering for parts 
loaded on the back side of the substrate, and soldering for parts loaded later on) was evaluated. 
[0301] LC value of the capacitor before passing through the reflow furnace and after passing through the reflow 
furnace with three times were measured, and the average values and increasing rate (LC value after reflow operation 
/ LC value before reflow operation) were shown in Table 29. As a result, the capacitor of the present invention had the 

so LC increasing rate of being lower than 5 times, preferably lower than three times, and no capacitor had the LC value 
over 1 0OuA. 



55 
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TABLE 29 







Capacitor 
Constitution 


Examples for 
producing a 
chip (Comp. 
Ex.) 


LC value before 
ref low/ after 
ref low (nA) 


LC increasing 
rate 


Number of Units 

Having LC in 
Excess of 1 0OpA 


10 




Species of 
Anode / 

Species of 
Cathode 












Example 232 


Nb-W/Mn0 2 


Example 34 


25/55 


2.2 times 


0/50 




Example 233 


Nb-B-Mn0 2 


Example 81 


17/39 


2.3 times 


0/50 


15 


Example 234 


Nb-B-AI 
/Polypyrrole 


Example 86 


23/51 


2.2 times 


0/50 




Example 235 


Nb-Re-Zn-Ge/ 
Polythiophene 


Example 148 


14/35 


2.3 times 


0/50 


20 


Example 236 


Nb-Y/Pb0 2 


Example 221 


16/38 


2.4 times 


0/50 




Example 237 


Nb-La/ 
Polythiophene 


Example 230 


12/30 


2.5 times 


0/50 


25 


Example 238 


Nb-Nd/ 
Polythiophene 


* 1 


21/39 


1 .9 times 


0/50 




Comp. Example 
46 


Nb/Mn0 2 


Comp. Example 
40 


47/277 


5.9 times 


50/50 


30 


Comp. Example 
47 


Nb/Mn0 2 


Comp. Example 
42 


40/208 


5.2 times 


50/50 




Comp. Example 
48 


Nb/Polypyrrole 


Comp. Example 
45 


41/209 


5.1 times 


50/50 



*1 A sintered body used was obtained by the same method as in Example 101, and a chip type capacitor was produced by the same method as in 
Example 148. 

35 



Claims 

1 . A niobium powder for capacitors comprising at least one element selected from the group consisting of chromium, 
40 molybdenum, tungsten, boron, aluminum, gallium, indium, thallium, cerium, neodymium, titanium, rhenium, ruthe- 
nium, rhodium, palladium, silver, zinc, silicon, germanium, tin, phosphorus, arsenic, bismuth, rubidium, cesium, 
magnesium, strontium, barium, scandium, yttrium, lanthanum, praseodymium, samarium, europium, gadolinium, 
terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium, hafnium, vanadium, osmium, iridium, platinum, 
gold, cadmium, mercury, lead, selenium and tellurium. 

45 

2. The niobium powder for capacitors as claimed in claim 1 comprising at least one element selected from the group 
consisting of chromium, molybdenum and tungsten. 

3. The niobium powder for capacitors as claimed in claim 2, wherein said at least one element is tungsten. 

50 

4. The niobium powder for capacitors as claimed in claim 2, wherein said at least one element is chromium and 
tungsten. 

5. The niobium powder for capacitors as claimed in claim 1 comprising at least one element selected from the group 
55 consisting of boron, aluminum, gallium, indium and thallium. 



6. The niobium powder for capacitors as claimed in claim 5, wherein said at least one element is boron. 
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7. The niobium powder for capacitors as claimed in claim 5, wherein said at least one element is aluminum. 

8. The niobium powder for capacitors as claimed in claim 1 comprising at least one element selected from the group 
consisting of cerium, neodymium, titanium, rhenium, ruthenium, rhodium, palladium, silver, zinc, silicon, germani- 

5 urn, tin, phosphorus, arsenic and bismuth. 

9. The niobium powder for capacitors as claimed in claim 8 comprising at least one element selected from the group 
consisting of rhenium, zinc, arsenic, phosphorus, germanium, tin and neodymium. 

10 10. The niobium powder for capacitors as claimed in claim 9, wherein said at least one element is rhenium. 

11. The niobium powder for capacitors as claimed in claim 9, wherein said at least one element is neodymium. 

12. The niobium powder for capacitors as claimed in claim 9, wherein said at least one element is zinc. 

is 

13. The niobium powder for capacitors as claimed in claim 1 comprising at least one element selected from the group 
consisting of rubidium, cesium, magnesium, strontium, barium, scandium, yttrium, lanthanum, praseodymium, sa- 
marium, europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium, hafnium, va- 
nadium, osmium, iridium, platinum, gold, cadmium, mercury, lead, selenium and tellurium. 

20 

14. The niobium powder for capacitors-as claimed in claim 13 comprising at least one element selected from the group 
consisting of lanthanum, yttrium, erbium, ytterbium and lutetium. 

15. The niobium powder for capacitors as claimed in claim 1 4, wherein said at least one element is lanthanum. 

25 

16. The niobium powder for capacitors as claimed in claim 14, wherein said at least one element is yttrium. 

17. The niobium powder as claimed in any one of claims 1 to 16, wherein said at least one element is contained in an 
amount of 10 mol% or less in said niobium powder. 

30 

18. The niobium powder as claimed in claim 17, wherein said at least one element is contained in an amount of 0.01 
to 10 mol% in said niobium powder. 

19. The niobium powder as claimed in claim 18, wherein said at least one element is contained in an amount of 0.1 
35 to 7 mol% in said niobium powder. 

20. The niobium powder as claimed in any one of claims 1 to 16, wherein said niobium powder has a mean particle 
size of 0.05 u.m to 5 u.m. 

40 21. The niobium powder as claimed in claim 20, wherein said niobium powder has a mean particle size of 0.2 u.m to 
4u.m. 

22. The niobium powder as claimed in any one of claims 1 to 16, wherein said niobium powder has a BET specific 
surface area of 0.5 to 40 m 2 /g. 

45 

23. The niobium powder as claimed in claim 22, wherein said niobium powder has a BET specific surface area of 1 
to 20 m 2 /g. 

24. The niobium powder as claimed in any one of claims 2, 3, 4, 7, 8, 9, 1 0, 11 , 1 2, 1 3, 1 4, 1 5 and 1 6, further comprising 
50 at least one element selected from the group consisting of nitrogen, carbon, boron, and sulfur. 

25. The niobium powder as claimed in claim 5 or 6, further comprising at least one element selected from the group 
consisting of nitrogen, carbon and sulfur. 

55 26. The niobium powder as claimed in claim 24 or 25, wherein at least one element selected from the group consisting 
of nitrogen, carbon, boron and sulfur is contained in an amount of 200,000 ppm or less. 

27. The niobium powder as claimed in claim 26, wherein at least one element selected from the group consisting of 
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nitrogen, carbon, boron, and sulfur is contained in an amount of 50 ppm to 200,000 ppm. 

28. A niobium granulated product prepared by granulating said niobium powder as claimed in any one of claims 1 to 
27 to have a mean particle size of 10 urn to 500 urn. 

5 

29. The niobium granulated product as claimed in claim 28, wherein the mean particle size is 30 urn to 250 urn. 

30. A sintered body using said niobium powder as claimed In any one of claims 1 to 27. 

10 31 . A sintered body using said niobium granulated product as claimed in claim 28 or 29. 

32. A capacitor comprising an electrode using said niobium sintered body as claimed in claim 30 or 31, a dielectric 
formed on a surface of said electrode, and a counter electrode formed on said dielectric. 

15 33. The capacitor as claimed in claim 32, wherein said dielectric comprises niobium oxide as a main component. 

34. The capacitor as claimed in claim 33, wherein said niobium oxide is prepared by electrolytic oxidation. 

35. The capacitor as claimed in claim 32, wherein said counter electrode comprises at least one material selected 
20 from the group consisting of an electrolytic solution, an organic semiconductor, and an inorganic semiconductor. 

36. The capacitor as claimed in claim 32, wherein said counter electrode comprises an organic semiconductor, which 
comprises at least one material selected from the group consisting of an organic semiconductor comprising ben- 
zopyrroline tetramer and chloranil, an organic semiconductor comprising tetrathiotetracene as the main compo- 

25 nent, an organic semiconductor comprising tetracyanoquinodimethane as the main component, and an electro- 

conducting polymer. 

37. The capacitor as claimed in claim 36, wherein said electroconducting polymer is at least one selected from the 
group consisting of polypyrrole, polythiophene, polyaniline, and substituted compounds thereof. 

30 

38. The capacitor as claimed in claim 36, wherein said electroconducting polymer is prepared by doping a polymer 
comprising a repeat unit represented by general formula (1) or (2) with a dopant: 





wherein R 1 to R 4 which may be the same or different, each independently represents a monovalent group selected 
from the group consisting of a hydrogen atom, a straight-chain or branched alkyl group, alkoxyl group, or alkylester 
group, having 1 to 10 carbon atoms, which may be saturated or unsaturated, a halogen atom, a nitro group, a 
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cyano group, a primary, secondary or tertiary amino group, a CF 3 group, and a substituted or unsubstituted phenyl 
group, and R 1 and R 2 , and R 3 and R 4 may independently fomn in combination a bivalent chain constituting a 
saturated or unsaturated hydrocarbon cyclic structure of at least one 3- to 7-membered ring together with carbon 
atoms undergoing substitution by combining hydrocarbon chains represented by R 1 and R 2 or R 3 and R 4 at an 
5 arbitrary position, in which a linkage of carbonyl, ether, ester, amide, sulfide, Sulfinyl, sulfonyl, or imino may be 

included at an arbitrary position in the cyclic combined chain; X is an oxygen atom, a sulfur atom, or a nitrogen 
atom; and R 5 , which is present only when X represents a nitrogen atom, is independently a hydrogen atom, or a 
straight-chain or branched alkyl group having 1 to 10 carbon atoms, which may be saturated or unsaturated. 

10 39. The capacitor as claimed in claim 38, wherein said electroconducting polymer comprises a repeat unit represented 
by general formula (3): 




wherein R 6 and R 7 which may be the same or different, each independently represents a hydrogen atom, a straight- 
chain or branched alkyl group having 1 to 6 carbon atoms, which may be saturated or unsaturated, or a substituent 
group constituting a cyclic structure of a saturated hydrocarbon of at least one 5- to 7-membered ring including 
25 two oxygen atoms by combining the alkyl groups represented by R s and R 7 at an arbitrary position, in which a 
substituted or unsubstituted vinylene linkage or a substituted or unsubstituted phenylene structure may be included 
in the cyclic structure. 

40. The capacitor as claimed in claim 39, wherein said electroconducting polymer comprising said repeat unit repre- 
30 sented by formula (3) is poly(3,4-ethylenedioxythiophene). 

41. The capacitor as claimed in claim 36, wherein said counter electrode comprises organic semiconductor having a 
laminated structure. 

35 42. The capacitor as claimed in claim 36, wherein said counter electrode is organic semiconductor material which 
contains an organic sulfonic acid anion as a dopant. 

43. A method for producing the niobium powder comprising nitrogen as described in claim 24 or 25, wherein the 
niobium powder is subjected to surface treatment using at least one process selected from the group consisting 

40 of liquid nitridation, ion nitridation and gas nitridation. 

44. A method for producing the niobium powder comprising carbon as described in claim 24 or 25, wherein the niobium 
powder is subjected to surface treatment using at least one process selected from the group consisting of gas 
carbonization, solid-phase carbonization and liquid carbonization. 

45 

45. A method for producing the niobium powder comprising boron as described in claim 24, wherein the niobium 
powder is subjected to surface treatment using at least one process selected from the group consisting of gas 
boronization and solid-phase boronization. 

so 46. A method for producing the niobium powder comprising sulfur as described in claim 24 or 25, wherein the niobium 
powder is subjected to surface treatment using at least one process selected from the group consisting of gas 
sulfidation, ion sulfidationand solid-phase sulfidation. 

47. An electronic circuit using the capacitor described in any one of claims 32 to 42. 

55 

48. An electronic instrument using the capacitor described in any one of claims 32 to 42. 
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